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Precast, Prestressed ‘incor’ Concrete Roof 
Speeds Completion of Fire-Safe School, 
At Big Saving in Cost 


a 


@ With enough children being born 
every fifteen minutes to fill a classroom, 
and a million pupils in sub-standard 
uarters, the nation faces a race against 
time in solving the school problem. 


Fort Lauderdale comes up with a 
sound solution. Dillard Elementary 
School, with 21 classrooms and about 
25,000 sq. ft. of floor space, was com- 
pleted 18 weeks ahead of schedule. 
Cost, $273,000. — $38,500. under the 
appropriation. 


Built of fire-safe concrete, speed and economy pivoted on the roof system, 
consisting of 32,000 sq. ft. of double-tee, precast, prestressed roof slabs, 
221 in all. Each slab is 341% ft. x 4 ft., with 23 ft. clear span and 6G ft. canti- 
lever on one side, 4 ft. on the other. 

With ten hours’ steam-curing, dependable ‘Incor’* higb early strength 
produced 4000 psi in 20 hours for pretensioning and stripping immediately 
thereafter .... 11,000 sq. ft. of roof slabs placed in an eight-hour day. 

Double-tee design gives pleasing beam effect. Quality concrete, with 
smooth exposed roof and ceiling surfaces, only required painting to finish. 

Another example of attractive, fire-safe construction, faster and at less 
cost, thanks to the two I's — Ingenious design and ‘Incor’ performance. 

*Reg. U.S. Pat. Off. 
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“Teffect of Curing on the Properties Affecting Shrinkage Cracking of Con- 
crete Block,” by J. C. Saemann, C. Warren, and G. W. Wasna, reports on 
an investigation undertaken in an attempt to establish relationships between 
curing procedures and properties that influence shrinkage cracking of concrete 
block. ‘Tests were made to determine modulus of rupture, compressive 
strength, tensile strength, modulus of elasticity in transverse bending, 
moisture volume changes, and thermal volume changes. 


Kan. V. Sremprecce and Donatp F. Moran offer “Performance of Reinforced 
Concrete and Conerete Masonry in Recent Western United States Earthquakes.”’ 
Recent earthquakes have given an indication of the effectiveness of modern design 
methods and construction practices in resisting lateral forces. The examples of damage, 
although slight in some instances, are keys to weaknesses. 


An investigation to determine whether a composite section acts mono- 
lithieally with a straight line distribution of strain is presented in “Behavior 
of Prestressed Concrete Composite Beams,” by R. H. Evans and A. 8. Parker. 
Different types of prestressed elements were tested and the quality of bond 
for varving degrees of roughness of surface were observed. 


In “Ball Test for Field Control of Concrete Consistency,’ by J. W. Ketiy and MiLos 
PouivKa, a simple field test is described for determining the consistency of fresh con- 
crete in terms of the penetration of a 6-in., 30-lb ball. The test was developed over a 
period of years, and is being extensively used throughout the country. Experiences of 
users are given, and comparisons with slump tests are made. 


Tests on longitudinally reinforced conerete sections without web rein- 
forcement are reported in “Strength of Reinforced Concrete T-Beams Under 
Combined Direct Shear and Torsion,” by Earu 1. Brown, Il. The strength 
of reinforced concrete T-beams in combined direct shear and torsion are 
compared to the strength of similar sections in direct shear alone. 


G. M. Bruere presents “Air Entrainment in Cement and Silica Pastes.’’ The air- 
entraining capacities of a number of surface-active agents in cement and silica pastes 
were measured by «a standard procedure. In addition, measurements were made of the 
foaming properties of surface-active agent solutions with and without electrolyte addi- 
tions, and of the abilities of surface-active agents to make cement and silica particles 
hydrophobic by adsorption so that air bubbles adhere to them 


In “Kecentric Bending in Two Directions of Rectangular Concrete Col- 
umns,”” by Leu-Suten He, four charts are presented for checking the stresses 
in a rectangular reinforced concrete section subject to bending in two direc- 
tions with or without normal compressive force. These charts can be used 


for sections with symmetrical as well as nonsymmetrical steel arrangements. 


Title No. 51-35 


Looking Ahead 
By CHARLES H. SCHOLERt 


SYNOPSIS 


Retiring ACL President Seholer looks ahead to the Institute's second 
50 years. It is emphasized that part of the Institute's service to the concrete 
field is to reiterate the established principles of better concrete, not only to 
the new and unfamiliar, but especially to the established and eminent persons 
in the field 


THE SECOND 50 YEARS 


A year ago the Institute completed its first 50 years of growth and develop- 
ment— half a century of inspiring progress, growing prestige, and increasing 
membership. The membership Wis proud to look back on the progress mace 
by the child of its creation. We have now completed the first year of the 
second 50 years, and it is well for us to take stock of what accomplishments 
we might well hope to make in the latter half of our first) century. of 
development. 

An old French proverb says, “The more things change, the more things 


are the same.” In looking back over the scientific and technical develop- 


ments in the field of conerete construction, the problems of the Institute 
faced in its growth and development from a mere handful of users to its 
present membership of about 7000, we should keep in mind that the really 
difficult things to achieve, the significant policies to be carried out, are sub- 
stantially the same even though the means of executing these policies and 
projects may change. The vital element of the American Conerete Tnstitute 
is still the sound integrity and ability of our membership, unselfishly devoting 
time and energy to the work of the Institute. 


ACI AND THE CONCRETE INDUSTRY 


The American Conerete Institute has had a strong, vigorous, healthy 
growth; it is still growing, and I believe is one of the soundest and best of 
many organizations of similar type, an organization where men interested 
in the technology of a given material or construction field meet together to 
discuss their common problems. We have a diversified membership. With 
out doubt, the majority of our members have some technical or engineering 
training, but by no means do all of our members have such training. and 

*Presented at the ACT Sist annual convention, Milwaukee, Wis. Feb. 23, 1055 
copyrighted JouRNAL OF THE AMERICAN Concrete 26, No 
Separate prints are available at 35 cents each. Diseussion (copies in triplicate) shel: 
than Aug. 1, 1955 Address 18265 W. MeNichols Rd... Detroit 19, Mieh 


tMember American Concrete Institute, Head, Applied Mechanics Departene 
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inomy judgment, much of the value of our organization depends on the wide 
Variation in training, immediate interests, and particular tasks to perform 
in carrying out the aims of ACT. This unites our Institute into a sound, 
sensible, practical, needed organization in the development of our country. 


It is not devoted to the furtherance of the aims of any one group, but to 


the furtherance of real progress in our vital construction program 

All such organizations have two major problems to solve: 

(1) The problems of presenting to the membership the new developments 
in the technology of the product 

(2) The problem of keeping the membership conscious of the well-known 
principles necessary for the proper utilization of the produets, the principles 
s0 often overlooked and neglected. 
Institute committee contributions 

In presenting new developments, the committees of the Institute are 
performing their work in a very commendable manner. By no means are 
all of our problems solved. All 32 technical committees are continually 
presenting to the members of the Institute new developments and changes 
in practice for the education and guidance of all who work in the field) of 
concrete design and construction. In some of these committees the major 
part of their work relates to new developments and research. Committees 
115, Research; 209, Volume Changes and Plastic Flow in Conerete; 213, 
Properties of Lightweight Aggregates and Lightweight Aggregate Conerete; 
215, Fatigue of Conerete; 323, Prestressed Reinforced, Conerete; 327, Ulti- 
mate Load Design; 716, High-Pressure Steam Curing — bring together the 
best and most aggressive minds in the development of these fields, and 
present these facts to the members in an effective, workable manner. This 
aggressive program of work in new and rapidly developing fields should be 
continued, Other committees present primarily to the Institute well-known 
principles which change but slowly if at all but need to be brought together 
in a well formulated, standardized manner for the guidance of all engaged 
in conerete design and construction. The major committees in this’ field 
are the Standards Committee; Committee 207, Properties of Mass Concrete; 
208, Bond Stress; 210, Resistance to Krosion in Hydraulie Struetures; 212, 
Admixtures; 312, Plain and Reinforced Conerete Arches: 318, Standard 
Building Code; and G11, Inspeetion of Concrete. These committees are 
primarily presenting to the membership accepted standards of design and 
construction practices, practices with whieh most of the members are, o1 
should be, rather familiar, but which any of us are likely to forget to follow 


Important contributions by ACI publications 

Not only the committee work but the publication policies of the Institute 
tend to divide along these lines. All of us like to read papers describing 
new and daring designs, unique methods of solving unusual or difficult) con- 
struction problems. Most of us, if we will stop to think about it, realize 
that our major difficulties do not rest in the unusual things we are doing; 
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our major difficulties are to maintain continuously a uniformly high standard 
of interest and care in carrying on the simple, everyday tasks that lie before us 


The ultimate success of our over-all, marvelous construetion program demands 


that these simple things be not neglected. In some way the Institute's 
publication poliey should be such as to continually bring before its member 
ship the serious need of thought and attention on common, ordinary, everyday 
matters; matters that involve really basic integrity and honesty; willingness 
to take pains in carrying on our program of work and supervising the work 
of others. [Toam afraid that these things are negleeted fully as much in other 
fields of saetivity, including our country’s political, economic, and social 
program, as well as in the design and construction program of the members 
of the Institute. 


The Institute has several publications that emphasize the importance of 
these well-known, simple, homely virtues. The Concrete Primer, one of out 
old publications, how in process of being revised, should he re-read hot only 
by the younger members of the Institute or men just entering the field) of 
concrete: design and construetion, but particularly by eminent consulting 
engineers, administrative officials high) positions major construetion 
companies, and world-famous supervising architects. To am convinced that 
many of these people could profit immensely by such a perusal of what they 
are supposed to know. The ACT Building Code is a document of the utmost 
importance and value. The Manual of Standard Practice for Detailing Rein 
forced Concrete Structures is worthy of the attention not only of the humble 
engineer just out of school who is assigned the task of making detailed draw- 
ings of some engineer’s design, but men much higher up in the organization 
may also review this with profit. A recent failure cited in engineering literature 
would have been avoided had the “Detailing Manual’ been followed 


CONCRETE IMPROVEMENT GROUPS FORMED 


This dissatisfaction with the standards of some of our construction problems 
and design practices is not restricted to college professors Within the last 
few vears, the unsatisfactory characteristics of much of our concrete con- 
struction in some of our greatest cities has drawn the attention of eminent 
men in the concrete construction field. These abuses and the failure to 
secure the best that is available have brought about the development of 
the Conerete Industries Board of New York City, and the Conerete [mprove- 
ment Board of Detroit. IT wish that T could say that these boards were 
organized not because some of the conerete was poor, but because concrete 
design and construction practices should be much better. [ feel certain that 
these gentlemen are not alarmists or over eritical of an industry that is really 
struggling to improve its produet. The gruesome, ugly facts of human 
failure are there for anyone who cares to look to see them. Give these 
gentlemen credit for having seen it, and the courage to have said so. Also, 
I wish IT could say that the conditions they observed are peculiar to these 
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great cities, but other cities have the same problem, and the smaller com- 
munities are faced with a somewhat similar problem. 

Methods of concrete construction have developed until there is no exeuse 
for poor conerete anywhere. Our portland cements are far more uniform 
and better than ever before in the history of the construction industry. The 


development of ready-mixed concrete has so improved proportioning, mixing, 


and handling practices that nonuniform concrete indicates only one thing; 
a failure of the human element. Tt is not a lack of adequate specifications, 
of good materials or good equipment, or a general pious desire for better 
conerete, Tt is a lack of understanding on the part, T am afraid, of men 
very high in the construction industry of the necessity and need to do 
the disagreeable, dirty work of weeding out those individuals who are not 
fundamentally honest and trying to produce a quality product. The men 
who organized these boards were men eminent in their profession who were 
concerned about a better quality concrete, a quality of concrete approaching 
What is now possible to readily produce. All coneerned in the field of con- 
crete construction should lend every assistance to them in carrying out their 
proposed project. Any way in whieh the American Conerete Institute ean 
further this laudible enterprise should be undertaken. I do not believe that 
this will be a matter of rewriting our specifications, our code, or our inspection 
manual, It may consist of adopting such practices or doing such things as 
will bring about a better understanding of what is fundamentally wrong. 


KEY MAN—THE INSPECTOR 


On any construction project, the inspector or resident engineer is a key 
man in securing good construction. This man, in conjunction with the 
contractor, superintendent, and foremen are all that make any conerete 
project good or bad. The most marvelous specifications written by the 
most eminent engineer in the field of conerete design and construction are 
worthless unless their provisions are earried out in the field. Probably one 
of the weakest links in our whole program is a lack of respect and esteem 
accorded these men the inspeetors or resident engineers who make the 
decisions. It is here that the higher administrative officers in the engineering 
firm, the supervising architeet, or the general contractor ean do their most 
effective work in promoting better conerete. Not only should these men be 
well trained, and well paid, but they should be given adequate consideration 
and prestige. They should be openly recognized as men who, after all, are 
the ones who make the decisions and determine whether or not. the best 
results will be secured 


RESPONSIBILITIES OF INDUSTRY LEADERS 


In too many places, even Kansas, specifications developed by many 
of our engineers and arehitects provide that the costs of inspection and testing 
are to be borne by the general contractor. Personally, | think this is an 
unethical practice, not fair to the owner whose interests the engineer and 


LOOKING AHEAD 737 


architect are ethically bound to protect. Such fees and costs are just as 
legitimate an item of cost to the owner as are the fees of the engineer or 
the architect. Too many eminent engineers who would stand in horror at 
the thought of competitive bidding for engineering services shop around for 
the cheapest testing and inspection service they can find. 

It is for these reasons that I state that the major problem in getting better 
concrete is to have a real sincere, deep-seated desire on the part of these 
eminent men to secure better concrete. [It is not fair to blame the inspector 
for this work. Too often he has attempted to remedy bad construction 
practices or to reject unsatisfactory materials which would not meet the 
specifications, and when this was brought to the attention of the engineer 
and architect in charge, the whole matter was hushed up and brushed aside. 
Political and financial pressure upon his superiors, the fear that they may 
offend some one, and have future difficulties on future contracts, caused his 
recommendation to be ignored. Too often he learns this from the general 
contractor. After all, he is a man trying to make a living, and when he learns 
that he is most appreciated when he causes the least amount of trouble and 
dissension, that he gets his pay from the general contractor, and is most 
appreciated when he does nothing, he soon subsides to the more or less auto- 
matic mouthpiece some people like to use. This condition cannot be cor- 
rected until men of the caliber who are now heading these improvement 
boards are willing to take some risks, risks of displeasing the wrong persons 
or failing to be in touch with the right group in the right way. Such risks 
may be temporarily disagreeable and costly, but in the long run they can raise 
the standards of concrete construction performance; nothing else can bring 
about such a change; it can be done at no added expense. 

Again, let me repeat that if there is a sad and unfortunate condition in 
our industry, it is the fault of many people who have not been willing to fully 
do their duty. It is a human failure, the kind you and | are very likely to 


be guilty of committing or permitting to develop under our supervision. — If 


is a practice we can stop if we have the desire and courage of our convictions 


Title No. 51-36 


Theory of the Secondary Arch’ 


By B. F. JAKOBSENT 


SYNOPSIS 


For cireular arches having a ratio of thickness to mean radius greater 
than 0.3, a central angle less than 100 deg, and under normal loads, high 
tensile stresses are indicated both at the crown and at the abutments by the 
usual formulas. A method of computation is proposed which assumes that 
the stress distribution is linear on radial sections and that the part of the 
arch not subject to compression may be disregarded, 


INTRODUCTION 


Investigations of the stresses in a circular arch under normal loads show 
that for arches having a ratio of thickness to mean radius greater than 0.3 
and a central angle less than 100 deg high tensile stresses are indicated by 
the usual formulas both at the crown and at the abutments.' For example, 
for an arch having a ratio of t/r = O.4 and a central angle of 90 deg, subject 
to 200 ft of water pressure and a temperature drop of 30 F, computations 
show that at the abutments there would be a tension of 650 psi at the extrados 
and a compression of 1170 psi at the intrados.* Since such tensile stresses 
‘annot exist in an arch dam as usually constructed, recourse must be had to 
a secondary arch free from tension to estimate the actual compressive stresses 
involved. A method of computing the dimensions and the stresses in. 
secondary arch of constant thickness drawn inside the primary arch has been 
given® but this is satisfactory only when the dimensions of the secondary 
arch are nearly the same as those of the actual arch. 


The method of computation proposed here assumes that the stress distri- 
bution is linear on radial sections and that the part of the arch not subject 
to compression may be disregarded. As a consequence the half-arch ts 
divided into three segments (Fig. 1) designated as crown, middle, and abut- 
ment segments. 


*Received by the Institute Oct. 5, 1954. Tithe No. 51-436 is a part of copyrighted JoumNaL o rik AMERICAN 
Concrete Inerirure, V. 26, No. 8 Apr. 1955, Proceedings V. 51. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1955. Address 182643 W) MeNichols 
Rd., Detroit 19, Mich. 
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9a" 60° 
k=15 R=05 Z 21.178 
21°18 = 46° 
4,,70.5752 1,,70.2500 
Fig. 1—Segmental division of half-arch 


NOTATION 


bending moment for a slice of arch | ft thick normal to the plane of Fig. 1, 


positive when it tends to produce tension in the upstream face, ft-lb 


angle of rotation, positive in the same direction as M, @.¢., counter-clockwise in 
1, radians 

normal force on a slice of arch 1 ft thick, positive when in compression, Ib 
shear force on a slice of arch 1 ft thiek, positive when directed toward the center 


( of the areh, Ib 
displacement of the midpoint of the crown seetion (Point B in Fig. 1), positive 


when in the direction of the positive axis, ft 
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THEORY OF THE SECONDARY ARCH 


mean radius, ft 

radial thickness, ft 

water pressure on upstream face, psf 
p = water pressure referred to the centerline of the arch and equal to p,r./r, pst 
E and Ey = modulus of elasticity for concrete and foundation rock, respectively, psf 
The significance of r., ra, Ti, 2, te, ta, and @ is shown in Fig. 1. 


GENERAL FORMULAS 


Consider a 1 ft thick slice of an arch cut out of an arch dam and prevented 
from moving perpendicular to its plane. 

The reactions produced by the water pressure p are NV, acting at the crown 
section a distance z from the center C of the arch, NV, acting at the abutment 
a distance r, from the center (, and the shear force S, at the abutment. 
The stresses and deformations are completely determined when these five 
quantities are known. The three equilibrium equations are, in the direction 
of 

Na = N, cos ba + P sin (“Oda (1) 

In the direction of S,: 

S, = sin P cos (Yoda) .. (2) 
in which P = 2 pr sin (@,/2) is the total water pressure, and the moments 
about the center C of the arch are 

Ng = Nara (3) 
Combining Iq. (1) and (3) gives 

1 — da 
(z/ra) COB ba (4) 
The ratio z/r, must be so determined that the external forces produce no 
rotation at the crown section, 7.¢., 

=0 (1) 
N, and N, are both proportional to pr and so is X,, the displacement of the 
midpoint of the crown section in the direction of the # axis due to the water 
pressure. This displacement must compensate for the displacement NY, 
caused by the temperature variation occurring after closure of the arch, or 

Xp + Xr 0 (11) 

The procedure is to assume z and k = z/r, and compute the rotation of the 
crown section; if this is not zero or nearly so, a new value of z is assumed and 
another computation made with the same value of k. If the rotation obtained 
from Eq. (1) is positive, z must be increased and vice versa. When cor- 
responding values of z and k have been found satisfying Hq. (1), a relation 
between water load and temperature variation is obtained from Eq. (IT) 


It has been found that corresponding values of z and k which satisfy Eq. (1) 


lie close to a straight line through two points, z Fag Fa r; and z r + 
L6,7r. = r — t/6. The equation of this line is 

2) 

It may be here noted, that in the actual computations r is assumed equal 
to | and ¢, r,, ra, and p, are all expressed in terms of r I. 
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The normal force NV, the bending moment 7, and the shear force S acting 
on a radial section (Fig. 2) are 

N N, cos @ + pr cos 

M COB Nz p COB { (5) 

S (pr N.) sin @ 

The rotation of the crown section resulting from the deformation of the 
arch, not including the yielding of the foundation, is due to M only and is, 
= 3(M/1) pad (6) 
in which J °/12 and ¢ is the effective thickness of the arch; this assumes 
that the neutral axis and the centerline of the areh coincide, which is ap- 
proximately true.4 The displacements in the direction of the x axis due to 
N, M, and S are, respectively, 

X(N /t) cos pAd 
KX u =(M (r p COB 
EX xs 2.88 t) sin 


The summation extends from @ 0 to d,. The coefficient 2.88 = (1.2) 


(2.4) in which the first factor is due to the assumption of parabolic distri- 


bution of shear stress and 2.4 KG = 2(m+1)/m in which G@ is the 
shear modulus and | /m is Poisson’s ratio assumed to be 1/5 or m 

To simplify the equations let 

2/Ta a/ N./pr Nu /k pr and u N/pr 


Fig. 2—Normal force, bending 
moment and shear acting on a 
radial section 
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From the first Iq. (5) it follows that 
(1 R) cos @ 
and for @ = @., dividing by pr and arranging, 
COS Da 
R 


k COB Da 


For a given arch 2 depends on k only. 


The length of the arch is decreased by a drop of temperature and therefore 


z and k are greater than | and FR and +, less than 1. 


Kor @ QO, u R 


N./pr and for @ = ¢@4, u = kR = N,/ pr. Introducing R and u into hq. (5) 


gives 
N pru 
VW (pu Rz) pr 
S (1 R) pr sin @ 


The location of the point of application of N is given by NV r, 


Rz/u 


(11) 


The angles @, and @, of the secondary arch are obtained by putting + 


+ andr, = r — t/6, respectively, so that 


(1 R) cos 6Rz/(6r + t) 
(1 R) cos 6Rz/(6r t) 


ROTATIONS AND DISPLACEMENTS 


Crown segment, 0 to 


The rotation of the crown section caused by the deformation of the crown 


segment is obtained from Kq. (6). The thiekness and the mean radius of 


the effective arch are respectively, ¢, — and p, 


Cc = Rz le 
Then 


and p 
u 


Introducing these expressions into Iq. (6) and arranging, 


pr 3c u : 
Or. (u 


or more conveniently for computations 


pr 3 2c 
ko (u—c) + Ad 
Ur, (u—c)? 


The displacements in the direction of the positive 


of the crown section of the primary arch produced by 
from Eq. (13) and (7). They are 


| 

EX. p 2c cos 
6 c 

pr ie 

EX. 4 u Ie + cos 
Is (u c* 
2c 
c 


(14) 


axis of the midpoint 
N, M, and S are obtained 


745 
(‘tn ) 
\. 2, 
“ 
“ 
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Summation from = 0 to 
Iq. (14) and (15) may be more conveniently computed from the integrals 
listed below. For explanation of methods of integration see the appendix. 
Let A = l—ec = 1 —Rz/r,, B = — (1—R) and G? = (A — B) 
(A +B) > 0. Then 
2G 
A 


B sin 
“ A+B 


B 


B are tan [G tan (14 ¢,)] 


A 1.) (15a) 


(Lei A 1) 
B 
sin?) d@ 


u c 


— Bsin — (A + B)(A — B) 


Middle segment, = to 
The thickness of the effective arch is constant and equal to ¢ and p = r, 
so that Iq. (6), and (7) may be readily integrated, giving 


E On 12 p (r/t)' hz) (1 I) sin 


E Xmn sin + 
2 2 


si 
E 12 pr(r/t)? | —Rz) sin 4 
2 : 


in 2 | po 
EXns = 144 R) (+ *) 


2 


These are the rotation and displacements in the direction of the positive 
xv axis of the midpoint of the crown section caused by the deformation of the 


middle segment. 


Abutment segment, = to 
The thickness and the mean radius are, respectively, 4, = 3 (r, — r,) and 
= + te 6. 


a Rz/r; 
Then 
u 
and pa 


u 


Introducing these expressions into Eq. (6) and (7) and arranging 


d 
= 
(u c)* 
u c 
0 
les 
(16) 
Let 
(17) 
u 
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3 
E®, = > (a u) + 
Yr, a u 
2a’ 
E pr u 2a 4+ cos A 
a 
pr fa 
E = fa 4 cos A 
IS (a u)* 
2a 
E Xas 0.48 (1 R) pr + 
a 


These are the rotation and displacements of point B in Fig. 1, resulting 
from the deformation of the abutment segment. 


The following integrals apply to leq. (18). 
let C =a-—1 = R2/r, —1 < 0, D | R > Oand I? 
((' — D), so that H > O, then, 


2.303 
Log 
('—D)H 


tan + tan 
9 9 


u)* C+ Deosd. C4 Dceosd» 


| 


2) — D(sings — sings) —(C — D(C 

Foundation 

The rotation of the crown section and the displacement of the midpoint 
of the crown section caused by the deformation of the foundation is obtained 
from the formulas of Vogt.°° 
The rotation ts 

E, = a Ma/t + B Sa/tao 
The displacement parallel to the abutment, 7.¢., radially toward the center 
C of the arch is 

E, Vy = ySa + BMa/lao 
The displacement normal and into the abutment is 

E,U; = 
M,, Na, and S, are the moment, compression, and shear at the abutment 
and (,, = 3(r, — 7r,) is the radial thickness of the effective arch at the abut- 
ment. Vogt gives the following average values of the coefficients, a 5.14 
to 5.53; B = 0.57 to 0.79 and ¥ 1.40 to 2.14 depending upon the dimensions 


747 
Ao 
(18) 
+ tan i tan 
la = — 
Pa dd 
até 
(a- 
a (18 
° cos a) 
Tan Pa 
a u 
leu 
(a — u)?* 
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and shape of the loaded surface and on Poisson’s ratio. Taking the average 
values of the coefficients, the rotation and the displacements of the crown 
section when 1,, < ¢ are, 


0.204 
[kR + 0.77 (1 — R) sin @,| pr E/E; (19) 


la 
LSkR pr B/E, 
[1.8 (1 — R) sin + OAL pr (20) 
E V, sin EU, cos + (r Pao COS da) E Oy 

in which p,, = 1/2 (8r, — ri) <r. 

Selecting a correct value for Ey is obviously difficult. In addition to the 
elastic deformations there may be permanent displacements caused by joints 
tightening up. Generally EX, is positive and tends to decrease the maximum 
stresses, so it would be in the interest of safety to select Ky too large. 

It may be noted that since z > r, HO, EX.y and EY. are negative, 
while and EY ay are positive. 


APPLICATION OF FORMULAS 


A value of z greater than | is assumed and r, computed from Kq. (IIT); 
then k z/ra. HR and u are obtained from Kq. (9) and r, from Eq. (11). 
The limiting angles of the segments @; and 2 are computed from Eq. (12). 
For the computations of HO,, the constant ¢ is given by Eq. (13) and if the 
summation formula, Iq. (14), is to be used, and I/(u — ¢)? are 
computed for several values of @ between zero and @,. If the integral formula 
is to be used, /,, and /,,, are found from Eq. (15a) and inserted in Eq. (14). 
The integral formulas involve less work and are more accurate, but the sum- 
mation formulas are simpler and if an error is committed, it is more likely 
to be noticed by inspection or by plotting the individual values of L/(u — ¢) 
and — ¢)*. 

If the total rotation is not zero or nearly so, a new value of z is selected, 
keeping k, R, and uw the same as before; the new value of r, is given by z/k. 
If the rotation was positive, 2 LO > 0, then z must be increased and vice 
versa. The new computations start by determining the limiting angles ¢, 
and @, and then proceed as outlined above. When a value of z has been 
found for the assumed value of / which makes the total rotation zero, the 
displacements can be found. The sum of all displacements caused by the 
water pressure is YX, 

A temperature variation produces a displacement of the crown section, 
Ny = ¢ AT r sin ¢, in which ¢ is the temperature constant of the concrete 
and AT’ the variation of temperature after closure of the arch, positive for 
a temperature rise. Since the crown displacement must be zero, 

EX, + (IT) 
or 

EX,» ('(pr) cAT Er sin (21) 
so that 
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Fig. 3—Variations of k iz 


1.15 


1.125 


1.075 


1.05 


1,025 


id cEr sin da 
AT is the temperature variation required to compensate for the NX displace- 
ment of the crown produced by the water pressure. ( KNX, pr is a con- 
stant for any given secondary arch and depends only on z and hk. Usually 
AT is negative and C must be positive and it decreases as pr increases 

As an example consider an arch for which f(r O4 and the half central 
angle @, = 45 deg and with F = E,. A number of corresponding values of 
z,k, andr, = zk were computed for which the rotation of the erown section 
was zero or negligible. The resulting values of z and /& are plotted as points 
re © iA in Fig. 3. Point A belongs to the primary arch and point / 
marks the end of the primary arch and the beginning of the secondary arch, 
‘.e., the point where either N, or NV, lie at the edge of the middle third. Point 
A was computed to show continuity and to serve as a cheek on the ecompu- 
tations. The values of the displacements EX, (pr of the crown section 
for the points A, B, C, were then computed and plotted in Fig. 4 against 
z. To fix the relation between water pressure and temperature variation it 
is necessary to assume the stress at some point of the arch and for this purpose 
the maximum stress, which occurs at the intrados of the abutment, was 
selected, and 


| | 
| | | 
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(=e Fig. 4—Values of displacement 
of crown section in relation to z 
E 


| 
| 


45° 


Ne 2 ZER pr/3(ra— ri) (22) 
hor V, and see Mg. (8) and (9). The constants z, r,, ete., for the points 
dD. are listed in Table 1. 

In big. 5 the relathon between head of water and temperature variation 
is plotted for 1200 psi and 5.5 300. The computations for 
point © are as follows. From Eq. (22), = 2 * 1.3 0.4940 pr/3(0.8700 

0. S000) 6.116 p and consequently, p 1200 144,6.116 = 28,250 psf 
and the corresponding head is h 28,250/1.2 * 62.5 = 377 ft. The cor- 
responding temperature drop is obtained from Eq. (21), C pr = 140 p = 

5.5 &* 300 & O.7071 AT or AT 34 deg. 

Fig. 5 shows that for n,, 1200 psi and a 20 deg temperature drop, h = 
10 ft, while if the temperature drop is 40 deg the head h = 340 ft. The 
advantage of keeping the temperature drop as small as economically feasible 
is obvious 

TABLE 1—CONSTANTS 
144 0057 
100 2 0010 
200 pr 997 | 


O00 pr 
15.600 pr 


750 OF 
} 
IS pr} 
12.5 + + + + + - i -- 
| 
lo _| | 
& 75, 
VY 
| 
ua | 
9) 
25 | | | 
C 
+ + + 
A 
1,06 1,08 110 112 114 1.16 1.18 
Z 
G 1 170 1.42 O R244 0 4109 74 
1180 0 8138 03958 
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Fig. 5—Relation between head 
of water and _ temperature 
variation 


To illustrate the application of the diagrams, suppose the arch is subjeet 


to a head of 450 ft and a temperature drop of 45 F (point WW in Fig. 5). Then 

p = 450 & 62.5 & 1.2 = 33,750 psf and from Eq. (21), C 5.5 *& 300 

0.7071 & 45/33,750 1.56 so that from Fig. 4, z L134 and from Fig. 3, 
= 1.31 and consequently r, z/k O.S66: fivfrom Kg. (9) is (1 0.7071) 


(1.31 0.7071) O.4A86 and the maximum stress is xX 134) 


0.486 pr/3 0.066 = 643 33,750 psf or 1510 psi 


Fig. 5 is plotted for n., 1200 psi. Curves for other values of nm, may 


be obtained by simple proportions. Consider for example point 2D. bq 
(21) and (22) show that if both p and AT are reduced say to 75 percent 
of their value in Fig. 5, then C EX, pr remains’ constant and therefore 
also k, R, and ¢,, and consequently n,, is also reduced tA75 percent of its 
value. The new point J’ is found by making OD! = 0.75 OP. Likewise if h 
150 ft and AT’ 15 deg, 7.¢., point MW in Fig. 5, the disfanee OM is found 
to be 1.25 times the distance along OV from 0 to the curye 1, 1200 and for 
point accordingly 1.25 1200 1500 found above by 
computation, 

If the arch cools under «a constant head of h 520 ft with n, 1200) 
for AT’ = O, then for AT’ 20 deg, 10 deg, and HO deg, on, 
1370, 1560, and 1820, respectively. While the stress increases, V. decreases 

Fig. 5 therefore will give the stress n,, for any combination of hk and AT’ 
likely to be of interest. The shape of the secondary arch for point Coin Fig 
5, is shown to seale in Fig. 6 
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Fig. 6—Shape of secondary arch 
for point C in Fig. 5 


MAXIMUM STRESSES 


The stresses at the extrados of the crown and at the intrados of the abut- 
ment are, respectively, n., 2N../teo 2R pr/3(r. — z) and nw = 2N, 
pre r,) and their ratio is) — 2)/(ra r,). With the 
approximation of leq. (IIT), z 2r — ra, the ratio equals k. This means 
that n,, may be some 30 or 40 percent greater than n,,, so that if n,, can 
he reduced a considerable saving may be effected. As an illustration con- 
sider the point ) in Fig. 5 (see also Table 1). The maximum stresses at the 
crown and at the abutment are respectively n,, 6.91 pr and na, 10.25 
pr, a ratio of 1.48 or somewhat greater than &. Computations show that 
ut @ 13 deg the maximum stress is only 6.67 pr or less than the maximum 
stress at the crown. If r 200 ft, the 2 deg represent only about 7 ft at 
each abutment. n,, can probably be reduced by thickening the arch slightly 
at the abutment, or as an alternative, it may be possible to use a somewhat 
richer mix at the abutment. At oe 35 deg 28 min the maximum stress 
is only about 2.7 pr 


Y DISPLACEMENTS 


These displacements may be computed from equations similar to lq. (7); 
they are, 


Yn X(N /t) sin @ p Ap 
1) sin Ab (23) 
E Ys 2.88 X(S/t) cos p Ad 
Since the deflections for a number of points may be wanted, the compu- 
tations can probably be most conveniently made by summation, except for 
the middle segment. The following equations were derived from Eq. (23) 


152 
\ 
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Crown segment, » Oto 


EY 18 


E 0.48 (1 R) pr | cos Ad 
2 u 


Middle segment, = to 


pr? 

COS hy COS + de 
r 

12 pr (1 —Rz) (cos, —cos¢, SIN ds — 
2 

EY ns 1.44 pr (1 R) (sin® sin 
t 


Abutment segment, to 


2a* 
2a + sin @ Ad 
a u 


la 
4a + sin @ Ad 
IS (a u)? 


2a 
0.48 (1 R) pr + 1 | sin @ cos @ Ad 
a u 


The Y displacement of the crown section due to the deformation of the 


foundation is 

EY; E V cos @4 + EU sin ba + paw EO 
For V, and pa, see Eq. (20). 

The displacement produced by a temperature variation is given by 

EY7 cT Er cos dbo 
in which ¢ is the temperature coefficient of the conerete 

The Y displacements given above are for the midpoint of the crown seetion 
If the displacement of another point on the centerline of the primary areh 
is wanted, it is necessary to diminish the Y displacements accordingly, For 
example, the displacement due to moments of the midpoint of the radial 
section between crown and middle segments would be 

EY ma sing, + sing; + EY, rsing,; 

In an arch dam the load on the arches will be decreased by the load carried 
by the cantilevers. This is generally greater at the abutments than at the 
crown. It would appear that the arehes could safely be designed for a uni- 
form load equal to the full water load minus the load taken by the eanti 
levers at the crown. ‘To determine the maximum water load which can 


safely be carried by the cantilevers, the writer would start at the base as 


753 
pr 
Ey 2c sin @ Ad 
6 u“ Cc 
4e 
(u c)* 
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suming full water pressure on the cantilevers and above that base limit the 
reduction of arch load to the load the cantilevers can carry without tension 
in the upstream face, no matter what the deflections indicate. This would 
take account of the fact that the margin of safety of a gravity section with 
zero, Compression at the upstream face is negligible and precarious, while 
that of an arch is very large. 


GENERAL REMARKS 


The stress determination depends on the ratio #/E, for determining the 
abutment deformation. This ratio is likely to vary considerably along the 
abutments and at best can only be estimated with the probability of a con- 
siderable error. To give an idea of the influence of such an error on the 
rotation and displacements, the following values are given for point C in 
hig. 5. The rotations are: 0, 5.433 ph; 0.054 pF; 0, 

+ 1.8282 p and 0, + 3.854 p so that - pk. The 
N displacements are: 0.2589 prok; X,, O.0547 X, 

pro and NX, + 1.07566 pr/k, so that XN, = + 1.3967 pr/ 
As will be noted, the influence of the abutment deformation is quite consider- 


able. In this case Ky was assumed and generally it is believed Ey, will 


be larger and sometimes much larger than /, which would minimize the 
influence of the abutment deformation. 

In addition # enters into the determination of the effeet of a temperature 
drop on the stresses. When for example AT’ 0, (Fig. 5) and h = 620 ft, 
Na 1200 psi. This does not involve # directly, only the ratio B/Ey. For 
AT 20 deg and withe # 5.5 < 300, n.. 1370 psi. If #& is doubled, 
Neo 1560 psi, an increase of only 15 percent. 

The computed deflections also depend upon the ratio # #y and in addition 
they depend directly on #, so that when F& is doubled, the deflections are 
doubled, even for AT 0. Therefore the errors likely to be involved in 
the computed values of deflections are much larger than for the stresses. 
An example of the difficulties involved in obtaining a realistic determination 
of the division of load between the arches and the cantilevers may be gathered 
from a recent trial load analysis of Ross Dam by the Bureau of Reclamation, 
dated July 1944, whieh gave a maximum tension of 362 psi in the arches 
and 338 psi in the cantilevers. 

There are other factors which influence the accuracy of a stress compu- 
tution as outlined in this paper. So, for example, the stresses along radial 
planes are not linear, the temperature stresses are not uniform, as assumed, 
and the deformations of the abutments due to the water load on the reser- 
voir have been disregarded and can only be roughly estimated from Vogt’s 
formulas. This would involve an immense amount of computation of 
questionable validity 

On the other hand the maximum load, including earthquake shock, can be 
determined with considerable accuracy and excessive stresses ino an arch 
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would be reduced by the plastie yielding of the concrete and the consequent 
redistribution of the stresses near the crown and the abutment. Ino view 
of this and the vield-line theory or ultimate load design, in whieh factors of 
safety are based on the ultimate strength, and which is currently before the 
profession, ? it would be highly desirable to have some unreimforeed conerete 
arches tested to destruction under normal loads and with the abutment 
and crown joints free to open. This would not only be interesting but good 
economy, for arch dams have been designed with an unreasonably high factor 
of safety and this has operated against the construction of areh dams in this 
country. 
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Reimforeed 


APPENDIX 


Crown segment 
u c | (| R)cos A + Beos @ in which A and 
(1 R) so that (A B) (A B) 
I: the integral of d@/(A + B cos @) is given by Ig. (4), p. 20, of William FL Ospood's 
Advanced Calculus (1925). It is also given by B. O. Peirce, second revised edition. No 404) 
but Osgood warns that some of the four solutions given are treacherous 
the integral of d@/(A + B cos is given by Peirce (No. 308 
the integral of cos @ d@/(A + B cos put 
(r A)/B, then 
COB 
A + Beos @ 
the integral of 
COS 


(A BR COB 
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sin? — cos? @ (x — A)*/B? 
A + Beos@ A + Beos@ L 


+ Beoso 


Abutment 


a (a 1) + (1 R) cos @ (Rz/r; 1) + (1 — R) cos = C + in which 
(hz /r; 1) and R so that (C + D(C D) < 0. 


Ja: the integral of d@/(A + B cos @) is given by Eq. (6) of Osgood’s Advanced Calculus 
(1925), p. 20 


Jay: this integral is given by Peirce (No. 308). 


the integral of 


Tan, Jay and are obtained as Tey and respectively. 
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Title No. 51-37 


Prefabricated Factory Construction in Denmark» 


By R. A. LARSENt and VAGN USSINGt 


SYNOPSIS 


Development in methods of prestressing and prefabrication of concrete 
has been rapid in Denmark. The design, production, and erection of 400,000 
sq ft of factory buildings are described and total erection time and cost are 
discussed. 


INTRODUCTION 

Postwar conditions in Denmark have forced Danish contractors to employ 
new methods of construction. The huge demand for new construction 
created severe shortages in skilled labor, and consequently new methods 
were introduced creating a more favorable ratio of demand between skilled 
and unskilled labor. Development in Denmark, as elsewhere, has gone in 
the direction of increased industrialization of the construction business 
Prefabrication to the largest extent possible and employment of the newest 
methods such as prestressing and steam curing has resulted. 

This paper describes one of the biggest factory construction jobs in 
Scandinavia, undertaken almost entirely with modern methods.  In- the 
spring of 1951 Northern Cable and Wireworks, Inc., decided to enlarge its 
plants in Copenhagen by adding a completely new division. All phases 
of the construction job, including the design, were handled by Larsen «& 
Nielsen Constructor, Inc., Copenhagen. 


LAY-OUT AND DESIGN 

The new division was planned to comprise 400,000 sq ft of one-story build- 
ings situated on 125 acres of farmland. The owner agreed to a high degree 
of standardization. Accordingly all factory areas were designed with a 
column spacing of 54 ft x 29.5 ft, the only variable being the height of the 
building. All floor areas were required to have 25 percent skylight. Several 
buildings were to be equipped with 10 to 15-ton overhead cranes. The 
exterior walls and the design in general were required to allow for easy and 
economical expansion of the buildings. 


DESIGN DETAILS 
Fig. | shows a typical section. The free height is here 28 ft to the main 
truss. From the very beginning complete prefabrication was considered in 
*Received by the Institute Aug. 20, 1954 Title No. 51-37 is a part of copyrighted JounnaL or THe 
American Concrete Inetirute, V. 26, No. 8, Apr. 1055, Proceedings V. 51. Separate prints are available at 
35 cents each. Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1955. Addrens 
18263 W. MecNichols Road, Detroit 19, Mich 


+Member American Concrete Institute, Director, Larsen & Nielsen Constructor A/S, Copenhagen, Denmark 
tAssistant Director, Larsen & Nielsen Constructor A/S, Copenhagen, Denmark 
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| 


main-gir der 


crane -beam 


Fig. 1—Typical section of outer bay 


the design. Consequently all horizontal forces were carried by fixing the 
columns at the bottom. The joint between the main truss and the columns 
were considered as having no stiffness. Thus the main trusses may be con- 
sidered as only distributing horizontal forees in the respect that the trusses 
cause identical deflections in the columns, which really can be considered 
as cantilever beams fixed in the footings. This means that all lateral forces 
are distributed to the columns according to their relative stiffness. The 
joints over the columns were cast only after nearly all dead load was on the 
roof, and no cracks have been observed from any subsequent rotation of the 
joints despite the lack of reinforcement. 


Fig. 2—Exterior of finished building 
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Fig. 3—General view of beam casting yard 
The shape of the columns accommodates pipes and electrical installations 
and give maximum effective area for the cranes. Due to the erane brackets, 


the walls were placed 1 ft outside the columns thus permitting pipes and 
ducts to pass straight along the walls. 


The slope of the roof was taken as 1: 10 and the main truss was designed 
to utilize the space thus created. To keep the weight low a prestressed 
Vierendeel! truss was used. 

Due to the required skylight four longitudinal girders were introduced, 
two of which support the skylight. These longitudinal girders are rein- 
forced with ordinary reinforcement for The dead load of the girder itself and 
post-tensioned by the Freyssinet method after erection thus making the 
girders continuous for any further dead loads and all live loads. 

The same principle was applied to the crane beams. As the crane capac- 
ities varied, one I-shape was standardized and only the number of pre- 
stressing cables was varied according to the load. 

The longitudinal prestress creates a good continuity in the structure, but 
length of cables was limited by friction and the size of the Freyssinet jacks 
available. Thus every 250 ft a double column spaced & ft center to center 
was necessary to allow for the prestressing operation and thermal movement 
of the structure. 
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The design of all prestressed members were based on the ultimate resistance 
in bending being larger than 1.5 times the dead load and 2.5 times the live 
load. It was assumed that strain distribution was linear over the section. 
For the evaluation of ultimate bending resistance of the prestressed beams, 
the ultimate strain in the concrete was taken as 0.005 and the corresponding 
constant average concrete stress as 4300 psi assuming that the ultimate 
concrete strength is the average of 50 cylinders reduced by two times the 
average deviation from the mean. 

The prestressing steel had a guaranteed ultimate strength of 240,000 psi 
on 5-mm (0.2 in.) wires. The initial prestress was 156,000 psi and subse- 
quent loss due to creep and shrinkage was set at 21,000 psi. 

The ultimate strains for ordinary steel, if any, were considered larger than 
that of the prestressed cables, thus permitting the mild steel to be considered 
as carrying its part of the ultimate stresses. 

The concrete was designed to be at least 7000 psi (6 x 12-in. cylinders) 
and the maximum stress permitted at the initial stressing or any subsequently 
applied actual load was 2,900. psi. 

Between the longitudinal girders 144-in. thick slabs with ribs 6 ft center 
to center were used. Reinforcement in the ribs was %4-in. corrugated bars. 
The roof slabs were designed for all dead loads plus 16 psf snow or 330-Ib 
concentrated load whichever was the worst condition. Again ultimate theory 
was used. The roof slabs were insulated after erection with 2 in. of wood- 
crete allowing for ventilation through two layers of bitumen felt. 

The exterior walls were all of the sandwich type, the insulation being 


1!) in. of “Leca-conerete.” This concrete is made with expanded clay ag- 


gregate, and the unit weight of the fresh mix is around 50 Ib per cu ft. The 


Fig. 4—Slab casting area 
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Fig. 5—Casting of columns 


sandwich walls are made up of 1%4 in. of reinforced eoncrete, in. of Leca- 
concrete, and 114 in. of reinforced concrete on the inside. Reinforced concrete 
ties between the outer and inner layers are provided. As shown in Fig. 1 
the window sill serves as a wind brace between the columns. The concrete 
window frames are factory made. 


Skylights were designed as three-hinged frames of prestressed mullions 
2!'5 ft center to center. The cross section of the mullions is 244 x 3!o in. 
the reinforcement is prestressed notched wires. 


A major object of the design was to reduce maintenance and create the 
highest degree of fire resistance. For architectural purposes certain patterns 
were designed as decorative elements for the wall panels. High re-use of 
forms made rather elaborate patterns economically possible, the texture of 
the pattern changing between the polished smoothness of steel plates and 
rough impressions of wood in the forms (Fig. 2 


Fig. 6—Erection of main truss and 
roof 
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Fig. 7—Erection of wall panels 


PRODUCTION AND ERECTION 


All components were produced in open air casting yards. Roof and wall 
panels were made in one 350-ft yard served by a 40 ft wide crane-frame 
with electric hoist (Fig. 3). Beams and trusses as well as the decorative 
dark components of the exterior walls were produced in a similar yard 
parallel to the first (Pig. 4). The casting yards were designed to produce 
around 1500 sq ft (maximum) per &-hr day corresponding to one bay of 
the roof structure, 

The mixers were one Eirich-type and three Kaiser-type mixers. All con- 
crete was placed by vibration, all slabs and beams being externally vibrated. 
Duet-tubes were used to form the holes for the prestressing cables. All 
parts were carefully marked thus making identification of the corresponding 
test specimens easy. 

Concrete was tested in a locally erected laboratory equipped with 
Norwegian equipment. Test specimens were 4 x 8-in. cylinders cast vertically, 
compacted by a “fall handle’? method, and stored horizontally in damp sand. 

All components were cast well ahead of erection, thus permitting initial 
shrinkage during storage in the casting yard. This demanded careful plan- 
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Fig. 8—Interior of one 40,000 
sq ft building 


ning of foundation work and erection to prevent the yard from being 
“soaked in.”’ 


Columns were cast in place in steel forms placed around the column steel 
which had been assembled, erected, and cast into the footing (Fig. 5) 


rection of precast elements was by steam cranes running on rails. One 
crane worked on the roof structure and one on the wall panels. Mreetion 
of the roof structure reached 9000 sq ft per week, as the workers adapted 
themselves to the new methods. Thus erection and all other operations 
were geared to the production of the casting yard permitting accurate time 
schedules to be worked out (Fig. 6 and 7). 


Fig. 9—Interior of 160,000 sq ft building during completion of floor 
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OVER-ALL ERECTION TIME AND COST 


kixeavations (110,000 cu yd) were started Apr. 11, 1951, concreting of the 
first foundations were around May 15 and by July | a small casting yard 
was in operation. By January 1, 1952, 40,000 sq ft and a big power station 
had been completed. By July, 1952, 40,000 sq ft additional were completed 
and by July, 1953, in all 240,000 sq ft, this being increased to 370,000 sq ft 
by October | leaving only 40,000 to be finished before January 1, 1954. 
‘Time schedules have been met for all buildings except the first ones, where 
minor difficulties in training the labor force and selecting proper equipment 
created small deviations. Fig. 8 shows the interior of the 40,000 sq ft factory 
and Fig. 9 shows the columns in 160,000 sq ft of factory under one single roof. 

Average cost of the factory buildings, as shown in Fig. 1, ineluding roofing, 
skylights, drainage, crane beams, walls and windows, foundations (spread 
footing), and a 6-in. steel-troweled floor was $3.00 per sq ft or $0.10° per 
cu ft.* The ribbed roof panels were produced and erected for around $0.35 
to $0.40 per sq ft. 


*Cost includes design and supervision. Conversion of costs to U. S. curreney based on $1.00 6.92 Danish 
Kroner. Wage rates for unskilled workers $0.75 per br, skilled $0.85, and for civil engineers $1.00 per hr. Workers 
wages were about 25 percent of total cost. Materials: cement $4.20 per bbl, sand and gravel— $1.50 per ton 
mild steel $6.50 per 100 lb, and prestressing steel $13.00 per 100 Ib. 
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Strength Variations in Ready-Mixed Concrete’ 
3y A. E. CUMMINGS 


SYNOPSIS 


Presents the results of a statistical analysis of the variations in’ crushing 
strength of concrete test cylinders made of commercial ready-mixed concrete 
delivered to a construction job. The investigation included approximately 
1000 cu yd of concrete. Test eylinders were made from every batch de- 
livered to the job for a period of several weeks and the 7-day and 28-day 
strengths were determined by crushing tests in the laboratory. The test 
results were then subjected to mathematical analysis by statistical methods 
to determine the coefficient of variation of the crushing strengths 


BASIS OF STUDY 


The quality control of concrete, either ready-mixed or job-mixed, is a 
problem of considerable technical and economic importance. The Danish 
National Institute of Building Research has been studying this subject for 
a number of years and the results of their investigations have recently been 
published.— Among other things, the Danish report deseribes a procedure 
for studying variations in the quality of concrete by means of statistical 
methods. 

Variations in the quality of concrete produced in batches may be placed 
in two general categories: 

(a) Variations within an individual batch which could be caused by imperfect mix- 


ing, by segregation of aggregates during discharge operations, or by variations in 
making, curing, and testing evlinders 


(b) Variations from batch to batch which could be caused by imperfeet control of 
the mix proportions or by variations in the quality of cement and aggregate 


TEST PROCEDURE 


On a recent construction project in the middle west it) was possible 


secure sufficient test data to justify a statistical analysis of the variations 
in the crushing strength of approximately L000 cu yd of ready-mixed concrete 
delivered in 208 separate batches. The transit-mix trucks were loaded at 
the batch plant. Water was put in the drum first, then the aggregates were 
added, and the cement was put on top of the aggregates. No mixing was 
done while the truck was enroute from the batch plant to the job. When 


*Received by the Institute Jan. 4, 1954. Tithe No. 51-438 is a part of copynghted JounnaL or tHe Amenican 
Concrete Inatrirere, V. 26, No. 8 Apr. 1055, Proceedings V. 51. Separate prints are available at 45 cents each 


Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1955. Address 18264 W. MeNichols 
Rad, Detroit 19, Mich 
tMember American Concrete Institute, Direetor of Research, Kz 


ymond Conerete Pile Co., New York, N.Y 
Plum, Niels M Quality Control of Concrete —Its Kational Basis and Feonomie Aspects,” Paper 5874, ro 


ceedings, Institution of Civil London, May 1954, p. 411 
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the truck reached the job site, water was added if required and the mixer 
drum was rotated for the specified length of time. 

Test cylinders were made from every batch of concrete delivered to the 
job over a period of several weeks. One cylinder was taken from each batch 
for a 7-day test and another cylinder for a 28-day test. The cylinders were 
cured in air on the job over night and then taken to the laboratory the day 
after casting. At the laboratory they were cured in tanks of water until 
the day before testing when they were removed from the water, capped, 
and allowed to cure in air in the laboratory until they were put in the testing 
machine, 

The sampling and testing procedure used on this project did not provide 
the data that would be required to study the variations within the individual 
batches. For such an investigation it would be necessary to test a large 
number of eylinders from a single batch. The statistical analysis of the 
test data is therefore made to determine the variations from batch to batch. 
This constitutes a check on the mix control at the batching plant and on 
the uniformity of the quality of the cement and aggregates. In addition, 
the test results can be used to show the variations in quality from day to day. 

The concrete mix was designed by the Pittsburgh Testing Laboratory 
for a compressive strength of 5200 psi at 28 days. The cement was ASTM 
Type I and the aggregates were sand and gravel with Il-in. maximum gravel. 
The cement factor was 7 sacks per cu yd and the water-cement ratio 5 gal. 
per sack. The proportions per cubie yard by weight were 658 lb of cement, 
1160 Ib of sand, and 2040 Ib of gravel. The volumetric proportions were 
1: 1.44: 2.62. 

TEST RESULTS 


Table 1 contains results of the tests on the 7-day cylinders. In column 
(1) are the dates on which the concrete was cast and column (2) shows the 
crushing strengths in psi of each of the 208 cylinders tested. The sum of all 
the crushing strengths in column (2) is divided by the number of tests to 
determine the arithmetic mean YX, which is 4017 psi. Column (3) shows 
the differences between the arithmetic mean and the actual strength of each 
individual cylinder. Of the 208 cylinders tested, 117 were above the mean 
and 91 were below. Column (4) shows the squares of the differences in 
column (3). The sum of the squares in column (4) is used to calculate the 
standard deviation, o, from the following formula: 


N 
2(X — X)? 
N 


The standard deviation amounts to 464 psi. The coefficient of variation 
V is a measure of the relative dispersion of the data and is expressed as a 
percentage by the formula: 


ve? 
xX 


May 


26 


May 


May 
28 


May 


1009 


4170 
1028 
$240 
1240 
4558 
4525 
4558 
1504 
4417 
4700 
1028 
441) 
4144 
4411 
1155 
1446 
1558 
41205 
4710 
4276) 


4455 
$922 
$357 
S288) 
$781 


STRENGTH VARIATIONS IN READY-MIXED CONCRETE 


329 


TABLE 1—7-DAY CYLINDER STRENGTHS 
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27,225 || 29 


June 


Jume 


June 
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S544 
4025 
S408 
S956 
4004 
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1482 
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(1) (2) $) 4) 1) (2 $) 1 1) 2) 5 ) 
Date X, psi (X X) (X A)? |; XY) (X X)? 
May 4346 + 435 189,225 
25 3852 165 246 55,008, 
4240 + 223 49,729 + IJ 121 577 $32,920 
3109 YOR S24,4604 47 349 114,021 
3887 130 16,900 837 700,560 
$852 165 27,225 61 3,721 
3263 754 516 17 2,209 448 200,704 
3781 246) 55,696 121 YOO ABA 
+ 329 108,241 W025 
iz! 446 + $29 108,241 + 47 2,209 140 
= 4004 t 47 2,209 + O12 $74,544 140 
$408 209,361 + 329 108,241 17 
4170 t 153 25,409 + 256,056 271 74.441 
1529 + 612 374,544 + 204 sO40 $77 142,120 
M452 + 435 189,225 t+ 117 14,689 4488 + 471 221,841 
4170 + 153 23,409 165 27,225 4458S + 471 221,841 
1558 t+ 54l 202,681 17 2,209 
3040 377 142,129 ||. +1214 | 1,471,369 $427 590 348,100 
+ 471 221,841 1 1587) 2,518,560 $887 140 16,900 
4205 + 188 35,344 + 859 737,881 4,721 
+ 622,521 + 204 BH 446 201 1.401 
41004 + 6,724 + 465 143,225 1240 + 223 1.720 : 
4144 + 117 13,689 + 577 332,029 $534 i184 233, 280 
2650 1367 | 1,868,680 236 55.006 {746 271 74,441 
3427 590 348,100 1207 1,682,209 $427 500 $48,100 
140 16,909 i852 15 27,225 
$852 165 27,225 236 55,606 S781 236 55,606 
27 3994 244 576 $07 4408 519 260, 461 
4546 + 329 108,24] 506,916 4144 t 117 13.680 
40.28 121 271 73,441 
4504 + 577 $32,929 4710 sO7 
4099 + 82 6,724 + $29 108, 241 | 4O74 SAU 240 
4240 + 223 40,729 + 405 133,225 $321 416 
3852 27,225 + 223 10.724 1155 | 1,334,025 
44546 + 329 108,241 + 683 10, 484 GON S24.404 
4134 + 117 14,689 + 329 108,241 $421 
i7 2,209 + 506 256,036 $544 233,280 
4028 1} 121 + 647 418,600 1 4.721 i 
4004 t 17 2,209 + B24 H78,976 271 74,441 
t 824 678,976 + 506 256,036 5781 246) 55,006 
A745 + 718 24 117 14,689 407 
1004 17 2,209 + 471 221,841 $402 
1558 + 202. 081 10 16.900 
4887 130 16,000 45 W025 204 10,40) 
18S + 471 221,841 576 | 576 
+ 647 118.6090 201 40,401 751 544,361 
6,724 Wh WO25 seg 414 170.5090 
82 6,724 847 700,569 14 170,500 
2827 11m) 1,416,100 
153 23.400 + 223 0.720 $427 590 $45,100 
121 4 271 74,441 $405 VA 
+ 223 49,729 6,724 $321 
17 2.200 + 117 14,080 BOL 645,204 
+ 82 + O47 115.000 
+ 223 10,729 + 204 $492 G25 25 
+ 202,08) ol 4,721 12 15 27.225 
JOH 256, 046 194 $7,636 $77 142.120 
+ 202,681 + 471 221,841 17 
+ S77 $32,929 + 117 14,680 1276 + 250 17,081 
400 160,000 > 256,046 $404 
+ 484 165 27,225 $523 
1] 12] $24 108,241 1482 + 143,225 
+ 204 + 202 081 446 + $29 108241 
+ 13.680 + 155 24,400 
+ 471 221,841 + 471 221,841 
+ 329 108%. 241 
+ 202,051 + 471 221,541 
+ 188 $5.4 780 
94 94.249 2X = 835,591 2(N —T)? 
+ 259 67,081 + 97 2,209 
6.724 
05 7 13,680 
155,600 4,721 
731 534,361 44 576) 
414 170.569 + 117 14,689 
236 55,696 + 18S $5,344 


768 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1955 


For the 7-day cylinders tested on this project the coefficient of variation was 
11.55 percent. 
hig. | is a graphic representation of the results of the tests on the 7-day 
cylinders in the form of a histogram. The test results are grouped in class 
intervals of 200 psi ranging from 2400 to 5400 psi. The compressive strengths 
are plotted as absecissas and the ordinates represent the number of cylinders 
in each class interval. The stepped diagram is a plot of the actual test data. 
The dotted curve is a continuous Gaussian frequency distribution determined 
from the formula: 
a 
v2 ‘ Za 
which 
ordinate at distance v from arithmetic mean 
N number of test results 208 
class interval 200 psi 
standard deviation 164 psi 
any selected deviation from the arithmetic mean 
constant 
‘ Naperian log base 2.71828 
The maximum ordinate of the continuous distribution is located 
arithmetic mean where x 0. It is caleulated from the formula: 
Ni 
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Fig. 1—Histogram for 7-day cylinders 
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As can be seen from Fig. 1, the actual test results represented by the stepped 
diagram correspond quite well with the theoretical frequency curve. ‘There 
is a slight skewness but 50 percent of the cylinder strengths lie between 3705 
and 4329 psi. This region is bounded by the area under the curve and the 
two ordinates plotted at) + 0.67450 each way from the arithmetic mean 
The median, which divides the distribution so that an equal number of test 
results are on either side of it, is approximately 4047 psi. 

Table 2 contains test data for the 28-day cylinders arranged in the same 
manner asin Table 1. The arithmetic mean for the 28-day cylinders is 5249 
psi. In the column of differences there are 105 values above the mean and 
103 values below it. The standard deviation caleulated by Eq. (1) Is 490 
psi and the coefficient of variation by lq. (2) is 9.34 percent. 

Fig. 2 shows the frequency distribution for the 28-day eylinders. The 
stepped diagram representing the actual test data is based on class intervals 
of 200 psi as in Fig. 1. The fitted theoretical frequency curve is calculated 
from Hq. (3) and (4) with NV 208: 7 200 psi, and o 190. There is 
some skewness in the actual test results but 50) percent of the eylinde: 
strengths lie between 4919 and 5579 psi. The median is approximately 
5209 psi. 

Qn the basis of many investigations in the field and in the laboratory, 
the Danish National Institute of Building Research has established a elassi- 
fication system in which the quality of the workmanship is related to the 
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Fig. 2—Histogram for 28-day cylinders 
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TABLE 2—28-DAY CYLINDER STRENGTHS 
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(1) 4 4) 2 $ | 2) $ 4) 
Date X, \ \ X Date XX, psi \ \ — X)? 
May 231 53,461 May 4770 174 22 
25 4524 726 577 O76 29 444 14 
194 37,244 4047 
5159 WwW 5100 15558 17 
SOLS + 146,161 5S 
47535 264,106 ST 24 + 475 2 
146,249 S74 + 5AS 24 
5724 t 475 2 
May t 111,556 374 
26 256) 471 + 122 
+ 440 194,000 5840 + 
5512 + 2654 7 
5124 125 15 (O07 + 758 5 
5760 + 261,121 is4) 408 166,464 
WO June S40) H52 $25,104 107 38,800 
5471 + 122 14,554 + O87 71 1188 761 579,121 
(007 + 758 + 546 208,116) 5689 + 440 
STW 546 208,116 S724 + 475 225,625 5159 
O17 5584 + 344 111,556 55 
S159 S100 $47 114,569 5124 125 
ST24 + 475 225,625 4558 oul 177,451 1735 514 
5300 + 2001 4700 5AY 
Muay 561s + 469 146,161 4504 055 124,025 4735 514 
27 205 Hu 169 + 405 14,025 W745 514 
5760 + Sil 261,121 4411 STU. S44 5371 + 122 
S724 475 
W471 122 
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+ 200 
. S724 + 475 
204 
5471 t 122 
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+ SO4 
+ 344 
SOLS + 1.46, 108 71,284 rhe 195 $7,244 
107 48,804 W745 264,196 W745 204,196 
+ 758 574,564 SOLS 251 53,561 3,025 
+ 204 SU 40] 108 166,464 1700 401,401 
1005 W745 204,196 1770 74 220,441 
O254 +1005) 1,010,025 2245 5 O44,516 25,921 
$887 1462 1,855,044 
May sol June OSS 25,021 5124 125 15,625 
HOSS 25,21 1700 401 207 71,289 
5371 + 122 14.884 G1, 204 4841 108 166.404 
125 15,025 Wiz $47 114,500 1555 oul 477,481 
HOTS + 146,161 5124 12h 15,625 Jume i841 108 166,464 
+ 440 600 Ih 256 12 + 334 111,556 
S44 111,556 5124 125 15,625 5371 + 122 14,884 
$025 87 7,509 + 200 SU 401 
+ 546 ZOB L1G 5OS2 107 + 193 $7,249 
+ 723 522,720 5240 | we 41,204 
309 146,161 7,249 ATT LOS4 
5548 
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O87 
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+ 334 
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5840 + 337,561 724 175 225,625 
5705 + $46 208,116 =X = 
May + 228 SAS + 200 80,401 N 
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726 527 076 8,100 
4700 401,401 5406 + 157 24,649 
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Casting Date - /953 
Fig. 3—Daily strength variations 

coefficient of variation. This classification system as given in the Danish 
report is shown in Table 3. With a coefficient of variation-of 11.55 percent 
for the 7-day cylinders and 9.34 percent for the 28-day eylinders all of the 
results on this project would be classified as excellent. The results on the 

28-day cylinders approach laboratory precision. 
hig. 3 is a graphic representation of the day to day variations in the 
strength of the concrete. The length of one of the vertical bars is a measure 
of the uniformity of the mix the shorter the bar the more uniform the mix 
Overlapping of the bars for a given date indicates that the best of the 7-day 
cylinders was stronger than the poorest of the 28-day cylinders for that day 
The extreme lengths of the bars for June 1 and June 3 indicate large vari- 
ations in the strength of the concrete placed on those two days. However, 
examination of the data in Table | indicates that there were several “freaks”’ 
among the 7-day cylinders cast on June 1. The first eylinder for that day 
was 1213 psi above the arithmetic mean and the second for the day was 1587 
psi below the arithmetic mean. From the data in Table 2 it can be seen that 
the last of the 28-day cylinders cast on June 3 was also a freak. It was 2246 
psi below the arithmetic mean. These freaks account for the extreme lengths 
of the bars for June 1 and June 3 in Fig. 3. The existence of such freaks 
could be due to errors in casting the cylinders, or in capping them, or even 
in testing them. The average strength fluctuates from day to day but the 
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TABLE 3—RELATION OF VARIATION IN STRENGTH TO 
QUALITY OF WORKMANSHIP 


Coefficient 
of variation, Quality of workmanship 
percent 

Attainable only in well controlled laboratory work 
I:xcellent approaches laboratory precision 
excellent 
Crood 
Fair 
minus 


sad 


curves of daily average strengths for the two sets of eylinders are practically 
parallel, For both sets of cylinders the daily averages fluctuate by several 
hundred psi above and below the arithmetic mean for the entire set. 


CONCLUSION 


Studies of this kind to investigate the quality variations in concrete are 
of great practical usefulness. This method of analysis will show whether 
or not the control is satisfactory and, if the variations are excessive, the 
method can be used to locate the cause of the trouble. The full significance 
of quality control of concrete — particularly its economic aspects —is discussed 
in the Danish report. When the engineer can be sure of getting concrete 
with a high degree of uniformity in quality and strength, he can design with 
reduced safety factors or lower the cement factor and he can expect reduced 
maintenance Costs on struetures exposed to weathering. 
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Balanced Design of Prestressed Concrete Beams 


By HENRY J. COWANtT 
SYNOPSIS 


equations are derived for the design of prestressed sections to develop 
the full value of permissible stresses in concrete both at the top and bottom 
of the beam during the prestressing operation as well as under the action of 
superimposed = Joads A simple solution is obtained if the maximum per- 
missible stresses are the same during the prestressing operation and under 
load. The more complicated solution for differential permissible stresses, 
however, gives greater economy in materials. Two examples are worked 
out, which demonstrate that balanced design is primarily useful for the 
heavily loaded beam and the beam with restrieted depth 


INTRODUCTION 


When a concrete beam is prestressed eccentrically by a force /, at a distance 
e from the centroid of the section, a negative bending moment is set up which 
gives rise to large compressive stresses in the concrete near the bottom face 
and to small compressive or tensile stresses near the top face. If the maxi- 
mum permissible concrete stresses during the prestressing operation are 
fen in compression and f;p in tension, the section must satisfy the inequalities 

F, Fe Me 

F, Fe 


and + S fip (2 


A. 
where A, is the cross-sectional area of the section, Z, and Z, are the section 
moduli of the bottom and top fibers, and WW, is the bending moment due to 
the dead load when the prestress is established, 

After the superimposed load is applied, the maximum compressive stress 
occurs at the top of the beam, and the minimum compressive stress or maxi- 
mum tensile stress occurs at the bottom of the beam. If the maximum per- 
missible concrete stresses under the action of the superimposed load are 
fe. compression and in tension, the section must then satisfy the 
inequalities 

nk n Ma Vs 

A, Zi Zi 

oF. Ma Ms 

and - fur (4) 
A, 4, 
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where Wys is the bending moment due to the superimposed dead and live 
load, and F’, is the prestressing force remaining after loss due to creep. 


Kivery prestressed concrete section must satisfy the simultaneous ine- 
qualities (1) to (4). It is evidently possible to design a section in which the 
maximum permissible stresses are just reached both at the top and at the 
bottom of the beam during the prestressing operation as well as under the 
action of the superimposed load. This is termed a balanced design. In pre- 
stressed concrete, as in normal reinforced conerete construction, a balanced 
design does not necessarily produce the most economical section. 


NOTATION 


net area of concrete section Sir, Sen maximum permissible tensile con- 
cross-sectional area of steel crete stress during prestressing 
width of bottom, top flange of operation, under the action of 
concrete section superimposed loads 

width of rib of concrete section J prestressing force when concrete 
distance of center of steel from is stressed 

extreme bottom fiber ? prestressing force after loss due 
distance of center of steel from to creep, ete. 

centroid of concrete section over-all depth 

(eccentricity) oie bending moment due to dead 
maximum permissible compres- load when the prestress is 
sive concrete stress established, due to the additional 
maximum permissible compres- superimposed dead and live load 
sive conerete stress during pre- (bending moments due to vertical 
stressing operation, under the loads acting on a simply support- 
action of superimposed loads ed beam are taken as positive) 
maximum permissible steel stress thickness of flanges of beam 
maximum permissible tensile con- distance of bottom, top fiber 
crete stress (equal to zero, if from centroid of concrete section 
tension in the conerete is not Ze, Z: section modulus of bottom, top 
permitted) fiber 


BALANCED DESIGN WITH CONSTANT WORKING STRESSES 


If the maximum permissible stresses during the prestressing operation 
and under the action of superimposed loads are the same, a simple solution 
is obtained, 


Denoting the maximum permissible concrete stresses in compression and 
tension by f. and f,, the inequalities (1) to (4) 

Ve 

M, 


Si 


A, 
A, 
ty, by 
b’ 
dy 
fer, Ser 
Si 
A, Z, 
nF, 4 n Ma (8) 
A, Z 
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Subtracting Eq. (5), multiplied by », from Eq. (7) 
— 9) + Mi/Ze = fe + 
which gives the section modulus of the top fiber 
n) Me + M, 
fe + 
Subtracting Eq. (8) from Eq. (6), multiplied by » 
(1 — 5) Mo/% + = of. +h 
which gives the section modulus of the bottom fiber 
Z, (1 n) Me + Mi (10) 
nfe + fi 
If y, and y are the distance of the top and bottom fibers, respectively, 
from the centroid of the seetion 


4 fe + ah 

+h 

Since f, is normally more than ten times f;, y, is greater than y, for balanced 
design, and the bottom flange is therefore larger than the top flange 


(11) 


Subtracting Eq. (6) from Eq. (5) 

Fre (1/Z, + 1/2.) Me (1/4: + 1/%) 
which gives 

Fee = Mo + (fe + + 1/Bs) 

Subtracting Eq. (7) from Eq. (8) 

Fe (1/2: + + (Mo + Mz) (1/Z, + 1/%) 

which gives 

= Me + M, (fe + + 1/%) 

Adding Hq. (12) and (13) 

(1 + Fy 2Mc+M, 
which gives the product 

Fe = + M1)/(1 + 9) 

Adding Eq. (5), multiplied by Z,, to Eq. (6), multiplied by 

(Zp + Zi) (F./Ac) = fe — Sir 

Adding Eq. (7), multiplied by Z,, to Eq. (8), multiplied by 

Adding Eq. (15) and (16) 

(Z, + Z.) (1 + n) 
which gives the ratio 

F./A. (fe — fd) /(1 + 9) (17) 

Dividing (14) by Eq. (17), the product 

eA. = (2 Me + M1)/(f. — fu) (18) 

The section moduli are determined direetly by Eq. (9) and (10), Z, being 
greater than Z, for balanced design with constant working stresses. Balanced 
design is therefore not possible for slabs or symmetrical sections, although 
the difference between a balanced and a symmetrical section is often slight 
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The section moduli for balanced design having been calculated, Hq. (14) 
and (18) remain for the computation of the prestressing force I, (which 
determines the steel area), the concrete area A, (which determines the depth 
of the section), and the eccentricity e. As in normal design of reinforced 
concrete beams with compression steel, there are therefore a number of 


sections which satisfy the condition of balanced design, ranging from heavily 


reinforced shallow sections to lightly reinforced deep sections. In practice 
the choice is limited by the following considerations: 

(1) The ratio of depth to width, h/b, is limited by the possible danger of 
torsion buckling. 

(2) The ratio of rib thickness to over-all width, b’/b, is limited by the 
shear stresses, and the ratio of flange thickness to over-all depth, t/h, by 
secondary stresses in the flanges. The thickness of the rib and the flanges 
must be sufficient to allow correct placing of the concrete. 

(3) The width of the top flange must be sufficient to ensure that the section 
has an adequate load factor against ultimate failure. A section with a narrow 
top flange and a large area of prestressing steel is liable to premature failure 
due to crushing of the conerete near the top face. 

(4) Since the cables must normally lie inside the section, the eccentricity 
is limited by the depth of the section. 

Krom Hq. (11), the distance of the bottom fiber of the section from the 
centroid 

h 

h 
t+ + a) (fe + fd 
If d, denotes the distance of the centroid of the steel from the bottom 


Yb .. (19) 


fibers, the eccentricity of the prestressing force with regard to the centroid 
of the concrete section 

iq. (14) shows that the greatest steel economy is obtained if e is taken 
at its maximum value. The section should therefore be made as deep as 
possible and the steel placed close to its bottom face. As Eq. (18) shows, 
this satisfies also the condition of maximum economy in concrete and dead 
weight, since for a given seetion modulus the deepest section has the lowest 


cross-sectional area. 


Example 1 

A pre-tensioned concrete beam, simply supported at its ends, carries a uniformly distributed 
live load in addition to its own weight, the dead load and live load bending movements being 
31,000 and 122,000 in.-lb, respectively. Calculate the midspan dimensions required for 
balanced design, if the maximum permissible steel stress is 160,000 psi, and the maximum 
permissible concrete stresses in compression and tension are 2000 and 130 psi, respectively. 
The loss of prestress on transfer may be taken as 15 percent, and a further 10 percent should 
be allowed for loss after transfer. 

From Eq. (9) and (10) the section moduli 

0.10 & 31,000 + 122,000 125,100 


59.1 cu in. 
2000 + 0.9 &* 130 2117 
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100 
and Z, = = 64.8 cu in. 
1930 
From Eq. (14) and (18) the products 
2 31,000 + 122,000 183,000 
1 + 0.90 
183,000 


and eA, = 97.9 cu in (b) 
2000 130 


The ratio between the section moduli requires a value [from Eq. (19)| 
1930 
Yo h O.4A77 h («) 
1.9 X 2130 


Taking the distance of the steel from the bottom of the flange, d, O.10 h, the eccentric 
ity e S 0.377 h. 


= 96,300 in.-lb (a) 


To ensure that the section is sufficiently deep to provide this eccentricity, the ratio 
A./byh 97.9 
0.3877 X 59.1 


For balanced design the section must have the moduli caleulated above, and in addition 


4.39 


satisfy kg. (a) to (d). Since the section, like most pre-tensioned sections, is small in size, 
it is essential to choose high ratios of b’/b, and t/h to ensure an adequate thickness of the 
rib and flanges. The ratios b,/by O.8; bby 0.5; and th 0.2 (section 74, Table 2) give 
A./byh 0.66 
0.48 and 
Z1/by h? 0.129 
Using these ratios, the product by, h? Z. 0.129 158. Taking the over-all width of the 
bottom flange by, 114 in., the over-all depth h 158 4.5 10.17 in. (say 10 in.). The 
width of the top flange b, O8 * 4.5 3.6 in. (say 3% in.); the width of the rib b’ 
0.5 * 4.5 21% in.; and the thickness of the flanges ¢ 0.2 * 10.17 2.03 in. (say 2 in.) 
The cross-sectional area of the concrete section A, 2 (83% + 4144) + 24% (10 — 2 X 2) 
= 30.0 sq in.; and the minimum eccentricity required for balanced design, from Kq. (b), 
e = 97.9/30.0 3.26 in. 


The distance of the bottom flange from the centroid of the concrete section, 0.48 
X 10 = 48 in. The available distance from the center of the wires to the bottom of the 
flange is therefore d, 1.8 3.3 1.5 in., which is adequate 

From Eq. (a) the prestressing force required on transfer is F, 5,300 3.26 29,500 Ib 
The initial prestressing force F,/0.85 = 34,800, and the steel area required A (F’./0.85) /f, 


34,800 160,000 = 0.217 sq in. 


BALANCED DESIGN WITH VARIABLE WORKING STRESSES 


If the maximum permissible stresses for the prestressing operation and the 
working loads differ, a more elaborate solution is obtained. Denoting the 
maximum concrete stresses in compression and tension permissible during 
the prestressing operation by f.p and fip, and the corresponding stresses 
under load by f., and fi;, Eq. (5) to (8) become 

F, Me 


t fip (21 
i 
Ba Va 
T Ser (22) 


Z Z, 
nF, nha 


(23 
A, Z, 
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nk we iF M, 
h 
Subtracting Hq. (21), multiplied by , from Eq. (23) 
(1 — 9) Mo/B: + = fen + afer 
which gives the section modulus of the top fiber 
Z, n) Mu + My (25) 
Ses 
Subtracting Hq. (24) from Eq. (22), multiplied by 9, the section modulus 
of the bottom fiber 
(1 n) Me 4 


+ Ser 


fu (24) 


These relations are similar to those obtained in Ieq. (9) and (10). Subtracting 
hq. (22) from (21) 
Fie (1/2, + 1/2) Ma + = fev + fur 
which gives 
Fe = Ma + (fer + + 1/2) 
Subtracting Mg. (23) from hq. (24) 
n Fie (1/4: + 1/4.) + (Me + M1) (1/2, 
which gives 
Fae = Mo + Mi — (fer + + 1/2) 
Adding Eq. (27) and (28) 
(i +9) Fe = 2 Mo + Mt + Gor + fur — fen — + 1/80) 
Krom Iq. (25) and (26) 
n (fer + fire) + fen + fer) 
(1 n) Mae + Mi 
Substituting this expression into Eq. (29) 
+ the + + Bethe + 
n(fep + fie) + (fen + Ser) 
Adding Eq. (21), multiplied by Z,, to Iq. (22), multiplied by Z, 
(Zo + 41) (Fo/Ac) = fer Zo — fee 
Adding Eq. (23), multiplied by Z,, to. Eq. (24), multiplied by Z, 
+ = fen Bi — Be 


Adding Eq. (32) and (33), and dividing by Z, Z, 


a l fir Sun Set Sip 
Z 


Substituting for Z,, Z, and 1/Z, + 1/Z, from Kg. (25), (26), and (30) 


(1 + In (fer t+ fie) + (fern 4 fu)| (fer Sit) Seu + + fer Sv) 


(nfee + fer) 
which gives 
F, Set 
n (fer + fee) + Sen + Ser) 


178 
(ZH) 
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Dividing Kq. (31) by Eq. (34) 
(Ma + M1) (fee + fir) + Me (fen + Ser) 


cA, (35) 
— Sifu 

To ensure that the cables or bars lie inside the section 
eS — dh (20 
From Eq. (19) 

h h 
= = —— 

+1 +1 
Substituting from Hq. (25) and (26) 
nfep + fu 

Y = (36) 


If the live load ean be divided into a stationary superimposed load and an 
occasional moving load, separate working stresses may be specified for the 
prestressing operation, for the stationary superimposed load only, and for 
the full load (including the moving load); under the action of the moving 
load a much higher concrete stress in tension may be admissible, and a small 
increase may be made in the maximum compressive stress. 


Two separate designs are then required, one considering the loading con- 
ditions during the prestressing operation and under the action of the stationary 
superimposed load, and the other during the prestressing operation and 
under the action of the full load. It is frequently possible to tell from the 
relative magnitude of the bending moments involved which of the two designs 
is likely to be eritical. 


Example 2 


A post-tensioned concrete beam, simply supported at its ends, carries a uniformly distributed 
stationary superimposed load and a moving load in addition to its own weight. The mid- 
span bending moments due to the dead load, the stationary superimposed load, and the 
moving load are 1,500,000, 1,875,000, and 1,500,000 in.-lb, respectively. Calculate the mid- 
span dimensions required for balanced design, if the maximum permissible steel stress. is 
135,000 psi, and the maximum permissible concrete stresses in compression and tension are 
2400 and 130 psi, respectively, during the prestressing operation; 2000 and 0 psi, respectively, 
under the action of the stationary superimposed load only; and 2700 and 400 psi, respectively, 
under full load. The loss of prestress due to creep may be taken at 15 percent. 


From Eq. (25) and (26) the section moduli for the stationary superimposed load only are 


0.15 1,500,000 + 1,875,000 2,100,000 


4 


Ly = 995 cu in 
2000 + 0.85 * 130 2110 
2,100,000 
and Z, = = 1030 cu in. 


0.85 * 2400 + 0 
The section moduli for the full load are 
0.15 * 1,500,000 + 3,375,000 3,600,000 


1282 cu in 
2700 4+ 0.85 &* 130 2810 
3,600,000 3,600,000 
and Z, = 1476 cu in. 


0.85 * 2400 + 400 2440 


The section must therefore be designed for its full load 
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From kg. (31) and (35) the products 
1,875,000 % 2530 + 1,500,000 * 3100 16,970,000,000 ; ; 
0.55 *% 2530 4+ 3100 5250 
16,970,000,000 
and ¢A, 2640 cu in (b) 
2400 2700 130 400 
The ratio between the seetion moduli requires a value [from Eq. (35)| 
O85 24100 + 400 
7] h O.465 (c) 
OSD 25350 4+ 3100 
‘Taking the distance of the steel from the bottom of the flange d, 0.075 h the eccentricity 
0.465 h 0.590 h 
To ensure that the section is sufficiently deep to provide this eccentricity 
2640 


h* 0.39 1282 


5.27 (d) 

Since the section modulus is comparatively low, high values of b'/b and t/h are required 
to ensure adequate thickness of the rib and flanges. The ratios b,/b, = 0.7; b’/b, 0.5; 
and th 0.20 (section 99, Table 2) give 

A./bbh 
moh 0.46 and 
h? 

Using these ratios the product by h? Z/O0AN9 1282, 0.119 10,780 cu in Taking 
the flange thickness ¢ 6 in., and the over-all depth h 30 in.; the net width of the bottom 
flange by 10,780 302 11.98 in. (say 12 in.); the width of the top flange b, 0.7; b 
$39 in, say Oin.; and the thickness of the rib b’ 0.5; b 5.99 in., say 6 in 


The cross-sectional area of the concrete section A, 6 * 304+ (9 6 + 12 
Iq. 


234 sq in, and the minimum eccentricity required for balanced design, from 
2610 234 11.28 in 
The distance of the bottom fiber from the centroid of the conerete section, 4% O46 * 30 
13.8 in. The available distance from the center of the cables to the bottom of the flange 
is therefore d 13.8 11.3 2.5 in., which is adequate 
Krom Eq. (a) the steel area required A, 3,240,000 11.28 & 135,000 2130 sq in. 


CONCLUSION 


Since there are only four simultaneous equations for computing the five 
quantities required for the design of an unsymmetrical prestressed concrete 
section, there is an infinite number of solutions, ranging from heavily rein- 
forced shallow sections to lightly reinforced deep sections. It is noteworthy 
that for balanced design an increase in depth reduces both the amount of 
steel and the amount of concrete required. In practice this will, however, 
frequently yield beams which are excessively thin and narrow, and a thicken- 
ing or widening of the concrete section may then be required to achieve the 
desired steel economy. The balanced design is therefore particularly useful 
for the more heavily loaded beams, in which the concrete section is necessarily 
substantial. The balanced design also represents the ideal solution when 
the over-all depth is restricted, or when it is desired to reduce the dead weight 
due to the concrete composing the beam. 

In the light building construction the smallest area of steel is generally 
obtained from designs which are not balanced. In this respect prestressed 
conerete [-seetions resemble normal reinforced concrete T-beams, in) which 
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the greatest steel economy is generally achieved by the use of under-rein- 
forced designs.* The balanced design, however, represents a useful starting 
point even when it is not the most economical solution, since the section 
moduli obtained from it are the lowest satisfying the basic inequalities (1) 
to (4), with which every design must conform. 
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TABLE 1—PROPERTIES OF SYMMETRICAL I- AND BOX-SECTIONS 


t 


4t 
No. t/h Ac/bh 1. Zi/bh? and 
0.1 OS 19 9 0 O20 16 O57 
2 0 10 0. 28 OAS 
4 O15 0 47 0 055 9 
0 20 0 46 9 0 O07 
5 0.25 0.65 * 0 O74 0 148 
0.2 0 05 0 28 0 O45 
7 010 0 36 4 0.049 
O15 O44 0.060 O.121 
0 2 0.52 8 0 069 148 12 
10 0 25 0 O75 O 
0.10 0.44 0.053 O 107 
13 O15 6.51 0.063 0 127 
14 0 20 0.58 0.1423 
15 0 25 0.65 ° 0 076 0.152 
17 0.10 0.52 0 058 O.116 FF 
18 O15 0 58 0 O67 142 
14 0 20 6 0 O74 O 
20 0 25 0 70 0 O77 0.154 
21 05 0 OS 55 a 0 O54 106 
22 0.10 000 0.062 2 O12 
2% 0.15 0.65 0.136 
24 0 20 0.70 ° 0 O74 1 0148 
25 0.25 0.75 ° 0 O78 0.156 
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TABLE 2—PROPERTIES OF UNSYMMETRICAL |-SECTIONS, BULB T-SECTIONS, AND 
BULB U-SECTIONS 


(Long flange at bottom face) 


t 


Zi/bh? 


O54 
O84 
105 
122 


070 f 145 


O34 066 
O58 1 112 
O66 36 127 
O72 148 


O40 O78 
O51 101 
OHO 

OO7 

O72 


OW 
O56 
069 
O73 


O52 
O60 
O66 
071 


O75 


O26 
O41 
O52 
Ono 
O66 


O82 
OAS 
O55 
O07 


O45 
O55 
OA 
O68 


h 
Zi/bh 
0.056 45 40 
051 0 oa 16 32 2 
0.52 9 0 055 0.131 } 1 
an ov 0.10 0 9 0 32 
020 0 “4 0.48 0 0 52 
0 20 0 4 
7 ( 0 
4] 010 0 43 0 44 1 
020 0 0.48 9 0.52 17 
45 0 20 0 
: 0 05 ( a3 0 0 O51 0 
015 4 0 O51 0 0.090 20 
046 0 49 O51 0 5 0 142 0.143 
0 05 0 51 0 10 0 O51 0 142 
42 015 062 0 0 0 51 
0 20 0.68 ° 4 0 ~ O 122 0130 12 
0.25 19 0.51 0 0135 19 
010 qg O5t 0 0 155 
Os 0.10 5 0 0 0 51 0 
0 O56 $1 0 O76 20 
is 0.20 0.73 0 0 15 0 OB7 0008 2 
10 ~ 0.54 0 6 0143 ! 
51 (0.8) 0 0.10 34 8 0.46 054 0 0.062 
O15 4 42 0 0 0 54 : 
0 20 0 0 14 0095 0103 
0.25 is 0 52 0 10 0.117 
0 27 0 17! 053 0 7 0133 0 116 
0 17 0 0 0 5 144 
bth 0.10 oO 4) 0.47 0 0 0 
57 O15 0 48 0 0 0.53 0.079 oon 
0 20 0.55 0.47 0 1} 0 103 0.004 
7 1 0 6 2 
010 12 0.45 053 0 4 146 ! 0 
020 0 0.47 9 0.53 
25 oOo 
tho 
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TABLE 2 (Cont'd) 
I. 


OAS 
hod 


O51 

O58 
O67 
O70 


O25 
O48 
OWN 
O56 
Onl 


O41 

OW 
O52 
O58 
O64 


‘ 
‘ 
‘ 
‘ 


(yas 
104 
107 


ras 
100 
105 
108 
110 


ole 
(47 
ow 
OW 
0 O52 
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Zi 
7 
No. b’/b t/h ‘ ( 0104 16 
0 05 0.45 1 0 , ‘ 
0.4 050 O48 | = 0 O127 ‘ 
0 20 0 60 5 0 53 0 
0 25 O65 0 O09 
70 2 O 104 » Is 
0 51 0 7 0 120 4 
= 0 48 O 0 142 ‘ 7 
71 0 0 58 0 52 0 0 129 
72 » 4 0 48 052 0 O 141 5 
0.15 0.62 4 052 | 149 0.144 
ga 0 20 066 4 ! 0.5% 0 
0.25 | 070 , 0055 99 
75 ) ony 
005 | O18 0.46 0 ( 0 os7 
07101 ) ‘ O45 0 0 10 104 is oo 14 
‘ 
81) 0.25 0 48 9-059 
= 0 27 0 47 0 0 O44 
81 02 0 05 O O54 | O14 
0.10 33 7 0 45 l 0.55 0 0 129 s 
0 20 0.46 7 o4, O55 0 
54 0 25 0 O78 
0 52 O47 100 4 0 OSS 
036, 04% , 0 Is Oo 
03 0 05 ) O47 0 118 
St) 0 0 4) ‘ i O54 0 109 
| =» 46 05 0.14 ‘ 
s7 O15 0 47 0 45 l 0.55 0 142 
0 25 5S : Oxy 0 O84 
0 52 108 0 O07 Th 
04 0.05 O45 0 is ! 0 O51 012 1S 0 107 
010 049 0 on ! 0 057 013, !2 
O15 i ow | Of O 144 
0 20 0.58 ! 0 55 
+- 0.25 65 0 102 0.006 
0 54 | » 0 O54 
= 0 20 ood Oo 4 ) Oty 
“4 0.25 0 68 00 
0 56 0.074 0.083 23 15 
06 005 y O43 4 9.106 
010 O24 58 O44 7 0 [2 17 ORS 4 
102 0 31 0 0 O51 
103 0.15 0 42 058 O44 
0 20 0 0 0 0 58 057 
104 0 25 O45 Oo It 
105 0.4 O54 ‘ 0 O40 10 0 0 O72 
- 9 OW 
0 0 O4 O11 0 ON4 9 
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TABLE 2 (Cont'd) 


TABLE 3—PROPERTIES OF T-SECTIONS AND U-SECTIONS 


| 


(Flange on bottom face) 
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An Interpretation of Some Published Researches 
on the Alkali-Aggregate Reaction’ 


Part 2—A Hypothesis Concerning Safe and Unsafe 
Reactions with Reactive Silica in Concrete 


By T. C. POWERS and H. H. STEINOURT 


SYNOPSIS 


Knlarging on considerations set down in Part 1,! the authors develop a 
hypothesis concerning reactions between reactive silica, caletum hydroxide, 
and alkali in concrete. The hypothesis is that the reaction proceeds safely or 
unsafely according to the relative amounts of caleium hydroxide and alkali 
adsorbed in the outer part of the reacted layer of the opal particle. Published 
experimental data are analyzed according to the hypothesis with the aid of 
Kalousek’s data on the lime-alkali-siliea-water system. Several conclusions 
are drawn, bearing on safe limits of alkali content and safe silica-alkali ratios 


INTRODUCTION 


In Part 1 of this paper! we discussed indications found in published research 
concerning the nature of reactive aggregate, the chemistry of the reactions 
between calcium hydroxide, alkali, and reactive siliea, and the mechanism 
of expansion. In the present paper we attempt an application of some of the 
ideas concerning the chemistry of the reactions to certain experimental data, 
paying particular attention to the factors that determine the safe amounts 
of alkali when reactive silica is present as opal 


ALKALI NULLIFIED BY REACTIVE AGGREGATE 


Concrete can contain a certain amount of alkali without developing 
expansion even though reactive aggregate is present. The safet quantity is 
not a fixed fraction of the amount of cement It depends mainly on the 
amount of reactive mineral or on the total boundary area of reactive mineral 
or on both of these factors. 

This conclusion is required by relationships brought out in various experi- 
mental studies reported in the literature. Consider, for example, the data 
shown in Fig. | due to Vivian.*(7"® This gives the expansion of mortar 
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?Safe”’ is used here, and later, in the sense of not producing appreciable expansion. In some usages the sense 
may be relative to the prevailing circumstances, as may be inferred from the context 
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Fig. 1—Typical relationship be- 
or opal particles in the test specimen 
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bars in relation to the amount of opal in the mix when using a cement con- 
taining about | percent alkali. The relationship shown is typical of that 
found originally by Stanton® and later by others. The amount of expansion 
is a complicated function of the quantity of reactive aggregate, in this case 
opal. If the quantity of opal exceeds a certain amount, 80 g per g of alkali 
in Fig. 1, no expansion occurs. Thus, an amount of alkali equal to 1 percent 


of the weight of the cement is not safe for certain amounts of opal but is safe 


for relatively large amounts. 

When the reactive mineral is powdered, it can be used in a wide range of 
proportions without causing expansion. This was demonstrated by Vivian.‘ 
When opal was ground to pass the No. 300 sieve and used in several pro- 
portions, expansion was practically zero for all proportions. The particle 
size of the reactive mineral is clearly an important factor. 

A commercial aggregate containing reactive mineral will be able to tolerate 
a certain amount of alkali. An example is shown in Fig. 2. This shows the 
amounts of expansion obtained when using a certain California sand, called 
Saticoy, in relation to the alkali content of the cement. Evidently, alkali 
up to OAS percent was safe with this aggregate in this mix. 

When an aggregate contains reactive mineral and is used with an amount 
of alkali greater than it can tolerate, expansion can be prevented by adding 
an appropriate amount of pulverized reactive mineral, as has been shown by 
Hanna,'’® Stanton,® and others. An example is shown in Fig. 3. This shows 
how the expansion of Saticoy sand when used with high-alkali cement could 
be controlled by adding pulverized opaline chert. Expansion was nil after 
12 months’ storage at 130 F when the amount of pulverized chert was a 
little over 11 percent of the weight of the cement, or approximately 10 times 
the weight of the alkali oxide in the mix. 
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Fig. 2—Relation of expansion to 0.9 
alkali content of the cement for 
Saticoy sand (Data from Refer- 0.8 
ence 5, Table V, Saticoy sand, 
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DD). O. Woolf® published data somewhat like those in Fig. 2. His data are 
especially valuable because they pertain to aggregates in which the kind, 
amount, and size of reactive particles are known. The mixes were 1:2 Ottawa 
sand mortars in which different amounts of Ottawa sand were replaced by 
particles of opal (16 to 30 mesh). Curves like those in’ Fig. 2) indicated 
rather definitely the average safe amounts of alkali for different percentages 
of opal in the sand. The data shown in Table 1 were taken from Woolf's 
Fig. 4 and are based on expansions at 18 months. 


- 0/07 
x- =0,0086 
Aa- " =0,0083 
o- « =0,0052 

Avg. 0.009 


% 


xpansion 


= 


Fig. 3—Effect of pulverized opa- ; i 

line chert on expansion (Data 0 2 

from Reference 5, Table V, Py| 

Saticoy sand, age 12 months, 
130 F) 


4 6 6 10 1I2 14 
e 


verized Opaline Chert, 
% of cement weight 


787 
| 
03 OV OS 06 
03S 
08 
0.7 
| OSa 
04 
0.3 
0.2 
|__| 
0.1 
0.0 
16 


188 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1955 


TABLE 1—SAFE ALKALI CONTENTS OF CEMENT FOR DIFFERENT PERCENTAGES 
OF OPAL IN SAND* 


Observed safe alkali content of cement, percent 
Percent opal 
in sand For 0.1 percent 
For no expansion expansion 


0.15 = 0.05 0.19 
0.25 0.30 
0.50 0.65 


O=5 by weight 


Data published earlier by Davis’? gave similar results. Davis found that 
when opal particles constituted 5 percent of the aggregate (mix 1:2) no 
expansion occurred with cements containing alkali up to 0.48 percent. With 
a cement containing O.GL percent alkali, expansion occurred. When opal 
constituted 2!. percent of the aggregate, expansion occurred with a cement 
contamimg 0.37 percent alkali. 


THEORETICAL CONSIDERATIONS 


We have just reviewed experimental evidence showing that opal particles 
and alkali can exist together in cement mortar in some combinations with- 
out producing expansion, whereas for other combinations expansion does 
occur, and indeed may occur at alkali percentages that are apparently quite 
safe under different circumstances. It might be thought that lack of ex- 
pansion means lack of alkali reaction, but this does not appear to be the case; 
reaction between the alkali and silica has been shown under circumstances 
where expansion did not oecur.* Our problem is to devise a theory, or hypo- 
thesis, that will account for these facts. We shall endeavor to show that it 
is theoretically possible for all the siliea in an aggregate to be converted to 
nonexpansive lime-alkali-silica complex when conditions are such that lime 
can reach the reaction site (the unreacted core of a siliea particle) and react 
with initially formed alkali-siliea complex before swelling can occur. We 
shall present the view that under certain circumstances surface diffusion of 
adsorbed lime through the already reacted part of a silica particle can enable 
the lime to reach the site in adequate amount. However, we shall show also 
that the higher the alkali concentration, and the thieker the reaction layer, 
the more difficult it should be for the lime to reach the reaction site. Failure 


of lime transport should then permit the expansive reaction to develop. 
Thus, according to our hypothesis the alkali reacts safely under some circum- 


stances, and under others it does not. In this section we shall develop this 
hypothesis in further detail through consideration of the requirements to be 
met, 
Initial reactions 

We can assume that the initial attack produces one of the lime-alkali- 
silica complexes indicated in Table 2, reproduced from Part 1, which presents 
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TABLE 2—SOME OF KALOUSEK’'S DATA ON THE EQUILIBRIUM PRODUCTS OF 
MIXTURES OF SODA, LIME, SILICA, AND WATER WHEN THE LIQUID PHASE 
IS SATURATED WITH CALCIUM HYDROXIDE 


Composition of solution, Composition of solid phase in equilibrium with solution 
g per liter molar ratios 


<= 
S| 
| 


0. 237 
0.100 
0.039 
0 023 
0 016 
0 Ol 
0.01 
0.01 0 498 


to Ore ty 


t 


*These are Kalousek's computed values. The values for the other oxides were obtained by 


experimental data obtained by WKalousek.’ Even though the amount of 
lime in solution is very small relative to the amount of alkali, the solution 
is saturated with calcium hydroxide, for abundant solid caleium hydroxide 
is close at hand. Indeed, at the start the opal particles may be partly covered 
with calcium hydroxide crystals. The initial reaction is therefore supposed 
to produce a thin layer of lime-alkali-silica complex that is incapable of 
swelling. 


Once formed, this layer separates the unreacted silica from the supply of 
lime, alkali, and water in the hardened portland cement paste surrounding 
the opal particle. The outer boundary of the layer is thus in contact with 
lime, alkali, and water, and the inner boundary, with unreacted silica. Henee, 
the composition of the outer part will tend to be such as to be in equilibrium 
with the contiguous solution, and the inner part will be poorer in lime and 
alkali than the outer part. The outer part of the layer tends to lose lime and 
alkali to the inner part, and the inner part of the layer tends to lose lime 
and alkali to the unreacted silica. As the outer part of the layer is thus 
depleted, it receives lime and alkali from the outside solution 


Progressive reactions 

The reaction at the inner boundary of the layer is, according to Vivian," 
a severing of the silieon-oxvgen-silicon bonds by ions, accompanied by 
a reaction with sodium and calcium ions. The product is a complex having 
characteristics depending on the relative amounts of lime and alkali avail 
able, as already described; it may or may not be a swelling gel, depending 
on the amount of lime it contains.! 

We do not know the minimum amount of lime required to produce a non 


swelling gel. Probably the amount is less than the least amount found by 
Kalousek in the lime-alkali-silica complexes formed in solutions saturated 


with calcium hydroxide. We believe that the minimum lime requirement 


is less, principally because 4 nonswelling product does form under some 
conditions and because the solution at the reaction site cannot be saturated 
with calcium hydroxide during the reaction, except at the time of the initial 
attack and perhaps at the end of the reaction. Thus we proceed on the 
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assumption (based on experimental observation) that when conditions are 
right, lime can be delivered to the reaction site at the rate required for a safe 
reaction. 


We might suppose that the relative amounts of lime and alkali reaching 
the reaction site in a given time depend on their relative concentrations in 
the solutions in the gel pores of the reaction layer. There is a connection, 
but, in our opinion, it is primarily an indireet one. For, if we think only in 
terms of relative rates of transfer through the solution phase, it is difficult 
to account for the fact that safe reactions do sometimes occur. The amounts 
of lime and alkali in solution in the gel pores of the reaction layer cannot 
be higher than the amounts in the solution outside the reaction laver. From 
the work of Kalousek and from the experiments deseribed in the appendix 
to the preceding paper, we know that even when the conerete is made with 
a low-alkali cement and no expansion occurs, there may be 50 times as much 
alkali as lime in solution, and yet a safe product probably contains more 
lime than alkali. Thus, ordinary diffusion of dissolved ions does not seem 
to provide a basis for a satisfactory explanation. The key to understanding 
how a sufficient amount of lime reaches the reaction site seems to be a knowl- 
edge of the composition and physical properties of the lime-alkali-silica 
complexes, 

Properties of lime-alkali-silica complex 

We have evidence that the lime-alkali-silica complex formed in the presence 
of excess calcium hydroxide is a gel* similar to but not identical with the gel 
produced by hydration of portland cement. Therefore, we believe that the 
gel produced by the action of lime and alkali on opal is a porous material, 


the boundary area of the pores being very large compared with the pore 


volume. Such a material is permeable to water or aqueous solutions. As 
already said, the outer part of the layer may be assumed to be one of the 
complexes found by Kalousek, when the solution was saturated with lime. 
As shown in Table 2, Kalousek found that under this condition the solid 
phase always contained at least one mole of lime to one of silica. It contained 
only one mole of lime for all concentrations of Na,O in solution above 20 g 
per liter. For lower concentrations of alkali, the amount of lime in the solid 
phase increased, not stepwise as in a chemical reaction, but continuously 
with decrease in alkali concentration. The amount of CaO approached a 
maximum of 2 moles as the alkali in solution approached zero. We think it 
a plausible assumption that when alkali is present the solid phase is a mono- 
calcium silieate gel holding additional adsorbed lime and adsorbed alkali. 
In any case, Kalousek’s empirical data can be handled as if the mechanism 
is adsorption, whether it is or not. Whatever the true state of combination 
in the gel, there is evidently a large internal surface.t Whether the atoms 

*In this discussion the term ‘wel’ usually refers to the white solid that is the lime-alkali-siliea complex. It 


does not refer to the jelly-like exudations and deposits often described in connection with this subject, although 
these too may be gels 


tA gel is composed of submicroseopie particles. The internal surface referred to is the surface area of these 
particles. Or, the internal surface may be thought of as the wall area of the gel pores, the pores being interstitial 
spaces among the gel particles 


ALKALI-AGGREGATE REACTION 791 


or ions exposed at a surface are held there by physical or chemical forces, 
they obviously have superior possibilities for readjustment to altered 
conditions. 
Surface diffusion 

Diffusion of ions or molecules through a gel containing a solution may take 
place in two ways: (1) through the liquid phase in the ordinary way, and 
(2) by surface diffusion if the soluble material is subject to adsorption by the 


solid phase. Surface diffusion is what the term implies a migration of 


adsorbed ions from one part of the internal surface to another part. The 


movement takes place in response to a gradient in surface concentration (a 
gradient in the degree of saturation of the surface) Just as ordinary diffusion 
depends on the gradient in solution concentration. Therefore, the relative 
amounts of adsorbed lime and adsorbed alkali that reach the reaction site 
should depend on the relative amounts adsorbed in (he outer part of the gel 
laver.  WKalousek’s work indicates that when exeess Ca(Ol). is available, 
these amounts depend on the alkali concentration at the outer boundary of 
the laver. Fig. 4 shows how the amounts of adsorbed CaO and adsorbed 


Na. are related to the amount of alkali in solution. The same data are shown 
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in a different way in Fig. 5, which gives the mole ratio of adsorbed CaO to 
adsorbed in relation to the concentration of Na in solution.* 


We can form an idea of the relative rates of diffusion from the outer boundary 
of the layer to the reaction site by assuming that the amounts adsorbed at 
the reaction site are not far from zero, that is, that most of the alkali is used 
in forming an alkali-silica complex, and that as the lime arrives it forms a 
calcium silicate with none of it left over for adsorption, thus releasing some 


of the alkali. (More will be said about this later.) On this assumption 


the relative amounts of adsorbed lime and alkali transported through the 
gel layer will depend mainly on the relative amounts adsorbed in the outer 
boundary of the layer, for it is the surface-concentration level at the outer 
boundary that fixes the concentration gradient. Thus, from Fig. 5 we see 
that if the concentration of the alkali solution in contact with the outer 
boundary is higher than about 20 ¢ Na,0 per liter, the adsorbed lime is practic- 
ally nil. We should therefore expect the alkali to reach the reaction site much 
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Na20 in Solution, 


Fig. 5—Ratio of adsorbed CuO 
to adsorbed Nu. in relation to 
Na.O in solution 


*We could have assumed that the same proportion of lime and all the alkali are held in the solid phase by solid 
solution rather than by adsorption. If we had done so, we would speak of the migration of lime and alkali by 
diffusion through the solid phase, but even so a part of this diffusion would be surface diffusion It is simpler 
to assume adsorption and speak only in terms of surface diffusion. The surface diffusion would be the more rapid 
and might be the only diffusion of practical consequence. Indeed, this was our primary reason for assuming 
adsorption 
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faster than the lime, and the product should be expansive.* On the other hand, 
if the alkali solution contained 3 g Na.0 per liter, the amount of adsorbed 
lime in the outer part of the layer would be about 10 times the amount of 
adsorbed alkali. This would indicate the possibility of the lime arriving at 
the reaction site at a sufficiently high rate to produce a safe product. 


Regeneration" of alkali 

Although it may not at once be apparent, the above considerations indi- 
cate that the alkali in concrete may be able to react with siliea as long as any 
unreacted silica remains. As we have seen, probably an alkali-siliea complex 
is formed as the reaction proceeds inward, and then lime converts this pro- 
duct to a safe complex if the lime arrives fast enough. As the lime arrives, 
it reacts with the alkali-silica complex, releasing some of the alkali. Thus, 
some of the alkali should be “regenerated” about as postulated by Hansen"! 
Suppose, simply for purposes of illustration, that the alkali-siliea complex 
has the formula Na,O-SiO.-H.0. The reaction with lime would then be 


Ca(OH), + (CaO- SiO. HO) + (2 —n)NaOH + n NaOW 


We may think of this reaction as first forming the calcium silicate gel 
and thus releasing all the alkali. At the same time, the reaction product 
adsorbs some of the released alkali from solution. Thus, each increment of 
silica that combines, first with alkali and then with the lime, reduces the 
alkali concentration by the amount the product is able to adsorb. The 
amount that can be adsorbed by the product is at a maximum when the alkali 
concentration in solution is 20 g per liter or more. In this ease, about 0.25 
mole of alkali is adsorbed and about 0.75 mole is left free to react. Tf at the 
time of the reaction the alkali concentration is lower, say 5.5 g per liter, the 
product is able to adsorb only 0.07 mole, leaving 0.93 mole free to reaet with 
more silica (Table 2). The lower the alkali concentration at the time of the 
reaction, the larger the fraction of “regenerated”? alkali left’ free to renet 
with more silien. On this basis we conclude that Some alkali will always 
be free to react with siliea if lime can reach the reaction site. Whether com- 
plete reaction of the siliea occurs must then depend on whether the level 
of alkali concentration remains high enough to produce such reaction. Also 
it depends on whether enough lime is available for a complete reaction 


Silica diffusion 

Up to this point we have considered only the diffusion of lime and alkali 
into an opal particle. This alone cannot account for a progressive reaction 
For a reaction to proceed, about half of the siliea that reacts must diffuse 
out of the opal particle. The reason for this is that the amount of space 
required by the lime-alkali-silica complex is probably about twice as much 
as the space within the boundaries of the opal particle. This estimate is based 
on the similarity between the lime-alkali-silica complex and cement gel 


*This may be the circumstance that produces the “special hindrance” to lime referred to in Part 1, That 
is, the alkali concentration regulates the ability of the layer to transmit lime; when the alkali concentration is 
high, the layer is practically impermeable to line 
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Not only is the absolute volume of the solids in the complex greater than the 
absolute volume of the silica plus the pores in the opal particle, but also, 
since the complex is a porous material, room must be provided for the pores 
characteristic of the complex. The amount of lime and alkali that must 
diffuse into the particle to effect complete reaction of the particle is probably 
about half the amount involved in the total reaction. The rest of the re- 
action takes place with the soluble silica that diffuses out of the particle. 


The diffusion of silica through a solution containing lime without com- 
bining with lime and precipitating until the silica reaches the region beyond 
the reaction layer may at first seem impossible. However, it is not only 
possible but apparently the process has its counterpart in the normal hydra- 
tion of portland cement. Essentially the same considerations as have been 
advanced above apply also in the ease of cement hydration. Part of the 
cement particle must dissolve and diffuse through the cement gel already 
formed without precipitating hydration products along the way. We believe 
we have a plausible explanation for the process of cement hydration that 


could apply also in the present case. The explanation, based on the peculi- 


arities of gel formation, is too lengthy to present here. However, another 
possible explanation applicable to the present case may be advanced. While 
reaction with the opal is in progress, the equilibrium silica concentration will 
vary along the diffusion path according to the variation in composition of 
the solid phase. It is probable that the equilibrium concentration of the 
silica at the inner end of the diffusion path is much higher than at the outer 
end. If so, siliea could diffuse to the outside without significantly exceeding 
the equilibrium solubility at any point along the way. Room for the reaction 
product outside the confines of the original opal particle is to be found in the 
originally water-filled spaces of the cement paste which fill only gradually 
and incompletely with cement gel. 


The rate-regulating step of the reaction 
According to our hypothesis we are dealing with a complex problem in 
diffusion leading under some conditions to an expansive reaction and under 
others to a safe reaction. For a safe reaction, lime must be delivered to the 
reaction site fast enough to react with about half the silica dissolved by the 
alkali. This in turn requires that the lime concentration at the outer 
boundary of the reaction rim be high enough at all times. This requirement 
involves a movement of lime and alkali from the cement paste toward the 
boundaries of the reactive particles. Thus, our hypothesis designates the 
following diffusion processes : 
(1) Diffusion of alkali from the surrounding concrete to the boundary of the reactive 
particle 
(2) Diffusion of lime to the boundary of the reactive particle 
(3) Diffusion of alkali through the reacted rim of the opal particle, partly by diffusion 
through the interstitial liquid phase and partiv by surface diffusion 
(4) Diffusion of lime through the reacted rim of the opal particle, mainly by surface 
diffusion 
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(5) Diffusion of dissolved silica through the reacted rim to a place in the concrete 

Where calcium silicate can be precipitated 

Which of these diffusion processes will control the rate of reaction is not 
wholly clear. Our interest is, however, not so much in the rapidity with 
which the opal is enabled to react, as in the cireumstances that may prevent 
the lime reaction from keeping up with the alkali reaction, with consequent 
development of expansive effects. When the lime reaction falls behind. this 
must evidently be beeause process (2) or (4) fails to maintain a sufficiently 
high rate relative to the other diffusion processes. Indeed it must evidently 
always mean failure of (4), but such failure may be conditioned upon failure 
of (2). 

In the applications of the hypothesis that are made in the latter part of 
this paper it is tacitly assumed that diffusion process (2) is generally adequate, 
i.e., that at any given point the amount of lime in solution will be as high as 
the alkali concentration will allow it to be. The assumption was adopted 
us a working hypothesis on the basis of the following considerations: — (a) 
crystalline calcium hydroxide is ordinarily well distributed throughout the 
cement gel, and (b) this excess calcium hydroxide may dissolve, be adsorbed, 
and then be transferred to reaction sites by surface diffusion (on the eement 
gel) as well as by ordinary diffusion. There are strong indications that 
cement gel does hold adsorbed lime that would facilitate the transfer. Thus. 
in a sense, a reactive particle may draw needed lime directly from the ad- 
jacent cement gel.* 

In view of the assumption made above that siliea ean diffuse out through 
the reaction layer during the progress of the safe reaction, one may wonder 
why the silica should become less able to migrate during the progress of an 
unsafe reaction, thus giving rise to osmotic pressure. Of course, until the 
water taken up becomes sufficient to form a sol or solution we are concerned 
only with the swelling of a solid phase, and the question does not arise. I 
an alkali silicate sol or solution is formed, the state of the silica in solution 
depends upon the concentration and the pH. It is quite likely that these 
conditions are sufficiently different from those existing during the safe. re- 
action to permit the silicate ions to associate or form complexes and thus 
become too large to migrate readily. On the other hand, at. the pH and 
silica concentrations represented by the Kalousek data of Table 2, that are 
applicable to cement pastes during the progress of the safe reaction, it is 
extremely unlikely that the silicate ions are associated 

All necessary elements of the hypothesis have now been developed; for 
a concise review of its content refer to the general summary, p. 809 


APPLICATION OF HYPOTHESIS TO EXPERIMENTAL DATA 
Limitations of existing data 
A complete check of the hypothesis would require new, and probably 
difficult, experimental work. The hypothesis deals mainly with the nature 


*A different hypothesis results when it is assumed that ste p (2) rather than step (4) is the limiting one Work 
on this alternative hypothesis is now under way elsewhere in this laboratory 


196 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1955 


of the produets whether or not they contain enough lime to be nonswelling 
gels. Consequently, data on the amount of reaction that has taken place 
at a given time, and on the composition of the products formed under different 
conditions, and at different stages of the reaction are needed 

existing data do not give such information, but they do show what 
combinations produced expansive reaction within the period of observation. 
Where expansion occurs, we may assume that an expansive gel was produced 
at one stage or another of the reaction, and we may be able to estimate when 
the expansive product was first present in significant amount. But when a 
combination is such that it just fails to expand within the period of obser- 
vation, we cannot correctly assume that no gel of the swelling type was 
produced. As Vivian has shown,!® swelling results from water being drawn 
from the surrounding concrete into the reacted particle. This extraction 
of water should produce a shrinkage that offsets some of the volume increase 
produced by swelling at the reaction sites. Consequently, the limit for no 
expansion may not coincide exactly with the limit for no reaction of the 
expansive type. Thus, it is only an approximation to take the limit for 
nonswelling as the limit for no production of swelling gel. Vivian'® found 
that even when expansion is not apparent, the presence of internal pressures 
may show up as loss of strength. 

kiven though existing data have these faults (from the standpoint of 
checking our hypothesis) we find that the data on specimens made with opal 
particles do give a degree of confirmation of the hypothesis. We present 
an analysis of these data partly for the support of the hypothesis they afford, 
and partly because the analysis brings out aspects of the hypothesis of practical 
interest 


Analytical relationships 

In applying the hypothesis stated in the preceding pages to experimental 
data, we find it advantageous to deal with the distribution of the alkali 
between the liquid and solid phase as given by WKalousek’s Table 2. This 
vives us a reasonable indication of what complex the initial reaction could 
produce, Also, it indicates what the final produet will be if the reaction is 
completed and if excess lime remains. At intermediate stages, the equili- 
brium relationships are no doubt not entirely reliable guides, but, as will 
be seen, they do seem to aid in arriving at a reasonable interpretation of 
experimental results. 


The analytical relationships to be used are given below: 
Lat 


Na,O total alkali oxide in the system, g of Na.J or equivalent® 
£ Na,O in solution, g 
y Na.O adsorbed by the gel, g 


S10, total reactive silica in the system, g 


S, weight of reacted silica in the gel, g 


*Potassium oxide, KO, is caleulated as the chemically equivalent amount of sodium oxide, Naz, by multi- 
plying by the ratio of molecular weights, 0.66, 
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total evaporable water, g 


weight of cement, y 

fraction of total silica reacted 
Then 

Zr 
and 
Na 

(2) 

€ 
On plotting the data of Table 2, we found that over the range of alkali con- 
centrations found in hardened pastes the relationship between the amount 
of alkali in the solid phase and that in solution could be represented by the 
following equation: 


Then, from Eq. (2) and (3) we obtain 


Nal _S 
(4) 
c were 


If at any given time a fraction, m, of the silica has reacted, the solution 
that would be in equilibrium with the produet would have a composition 
satisfying Eq. (5), obtained by substituting mS/O, for S, in gq. (4) and 
solving for 

Nal) 
c 
+ 15m 

Let us now consider the data of Table 1 representing combinations of 
alkali and opal that reacted safely. Using Eq. (5) we ealeulated the amount 
of alkali in solution at various stages of the reaction. In making this ealeu- 
lation we are in effect assuming that the reaction proceeds so slowly that 
conditions are close to equilibrium at all times. Equilibrium could exist at 
the end of the reaction. At intermediate stages, the caleulations are treated 
as useful approximations. 

Having calculated the amount of alkali in solution, we can determine the 
amount of adsorbed lime that would be in the solid phase at equilibrium by 
making further use of Kalousek’s data. A sample ealeulation for the third 
item of Table 1 at a particular stage of reaction, namely, m 0.5, follows 

(Given: 

Na 0.005; 0.34; SiO, /¢ 0.09 (It is assumed here that the opal 


ws percent reactive silien.) 
m = 0.5 (assumed) 


Then, by Eq. (5), 
r 0.005 


~ 0.0048, or 4.8 g per liter 
We 0.34 + 15 X 0.5 XK 0.09 


From Fig. 4 we see that the adsorbed lime is 0.32 mole per mole of silica; 


797 
: (33) 
15 
S, We 
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+ 


from Fig. 5, the ratio of adsorbed lime to adsorbed NagO is 5.* The indicated 


complex is 


Reactions with low-alkali cements 

The results of such calculations for the second and third items of Table | 
are given in Fig. 6. It should be recalled that these combinations represent 
the maximum amounts of alkali that could be used with the respective amounts 
of reactive silica without producing expansion. The first item was not used 
because the uncertainty regarding the safe amount of alkali was too great 
to serve our purpose. The curves give the equilibrium alkali concentrations 
from start to finish of a reaction that would consume all the siliea. Notice 
that the caustic solutions remaining at the end of the reaction should contain 
about 2.5 g of NaO per liter. This corresponds to an 0.08 normal sodium 
hydroxide solution, which is certainly strong enough to attack opaline siliea. 
Therefore, as was stated earlier, we can conclude that the alkali in these 
mixes made with low-alkali cements would attack the silica and that the lack 
of expansion could not have been due to lack of reaction. Furthermore, 
we must conclude that if the 18-month period was sufficient for it, all the 
silica must have reacted, for at no time could there have been a lack of free 
alkali. 

These calculated alkali concentrations enable us to ealeulate the amount 
of adsorbed lime in the complex. Fig. 7 gives the calculated ratio of adsorbed 


Alkali in Solution, x/we, 9/1 
a @ 


nN 


Fig. 6—Computed amounts of 
alkali in solution for two safe 

0 0.1 0.2 0.3 0.4 05 06 07 OA 0g 1.0 combinations at given fraction of 

Fraction of Silica Reacted m total reaction 


*Ieg. (5) and this example illustrate the principle, but they do not give the method exactly. The actual 
method involves a correction, which is deseribed in the appendix 


12 
Na20_ 6.005 
0 
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Fig. 7—Computed ratio of ad- r 

sorbed CuO to adsorbed Na.O 

for given fractions of total safe 
reactions 


Ratio of Adsorbed CaO to Adsorbed Naz0 


Oo Of O02 03 O04 OS OF OB OS 1.0 
Fraction of Silica Reacted, m 


lime to adsorbed alkali in the reaction product for all stages of the reaetion 
Notice that for the cement higher in alkali the calculated amount of lime in 
the product is initially only a little higher than the amount of adsorbed alkali 
According to our hypothesis, the reaction proceeded safely because the amount 
of adsorbed lime relative to alkali was able to increase immediately and at a 
sufficiently high rate. 

The calculations do not give us the real ratios of adsorbed lime to adsorbed 
alkali for the early stages of the reaction, as has already been noted Sut 
Whatever actual ratio of lime to alkali the computed ratio corresponds to, 
it apparently was high enough (and possibly more than high enough) to 
assure safe reactions in the initial stages of the reaction with the higher of the 
two alkali contents. Certainly if the ratios were high enough for the cement 
containing 0.5 percent alkali, they were more than high enough for the lower 
alkali content 

At the final stage of the reaction the alkali concentrations (Fig. 6) and 
the corresponding ratios of adsorbed lime to adsorbed alkali (Fig. 7) are 
nearly the same for both combinations. The adsorbed lime had finally to 
exceed the alkali by about 12 to 1 to assure a safe final reaction 

Since each of the two combinations represents the maximum amount. of 
alkali that could be used without producing expansion, a slightly higher 
alkali content would give expansion in either case. The question is, at what 
stage of the reaction would such expansion begin? We observe that for the 


10 
8 
6 
4 
\Na20 
2 — 2.005 
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two just-safe combinations dealt with in Fig. 6 and 7 the initial conditions 
were much more favorable in one cease than the other and that the final 
conditions were practically the same. It seems, therefore, that if the alkali 
content of each was inereased slightly, the resulting expansions would be 
due to the change in the final condition and would not begin until the final 
stage of reaction was approached, 

If the conclusion just reached is true, we should find expansive combi- 
nations with low-alkali cements to begin expanding at a relatively late date. 
A combination that might appear just safe at one time of observation might 
be found expansive at a later time. Woolf's data, which are the basis for 
hig. 6 and 7 and the above discussion, do not at first appear to support this 
aspect of our hypothesis. The combinations that appeared to be just safe 
at IS months also appeared to be just safe at the end of the first month. 
This gives the impression that Woolf's expansive combinations with low- 
alkali coments begin to expand at an early rather than late stage of the pro- 
cess. Tlowever, when Woolf's data are considered along with those from 
other sources, it seems likely that a relatively advanced stage of reaction was 
actually attained within a month. (The specimens were stored at 100 F.) 
Data obtained by Vivian! using similar combinations cured at room temper- 
ature do show the delay expected. Also, Stanton® using different materials 
observed such a delay even when curing at an elevated temperature. For 
example, his data on Saticoy sand (see Fig. 2) show no expansion up to 0.5 
percent alkali at 3 months but at 12 months the limit for no expansion appears 
to be lower 0.45 percent. bevidently, reactive minerals differ in the degree 
to which their reactions are aecelerated by a temperature rise. 


Expansion due to deficiency of reactive silica 

The solid curves in Fig. S pertain to a combination of materials that ex- 
panded. The amount of alkali in the cement is the same as for one of the 
two cements of Fig. 6, but the amount of reactive silica is only half as much. 
The caleulated curves for the corresponding combination from Fig. 6 that 
reacted safely are indicated by broken lines, for comparison. Fig. & em- 
phasizes that a deficiency of siliea has the same significance as an excess of 
alkali. Notice that for the solid curve the final concentration of alkali is 
relatively high (3.8 as compared with 2.5 g per liter) and the final ratio of 
adsorbed lime to alkali, relatively low. 


Effect of particle size 

If the reaction with a low-alkali cement reaches a eritical stage only. in 
the final stages of the reaction, it follows that the maximum size of the re- 
active particles must be considered in determining the conditions for a safe 
reaction. According to our hypothesis, the rate of lime diffusion through 
the reacted layer depends on the surface concentrations of adsorbed lime 
and alkali in the outer part of the reacted laver and on the thickness of the 
layer through which the surface diffusion occurs. For a given rate of delivery 


of lime to the reaction site, the lime concentration at the outer boundary 
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Fig. 8—Computed alkali in solu- 
tion and ratio of adsorbed CuO 14 - 
to adsorbed Na.O for safe and Na.O 
expansive reactions (SiO, c pais 0.005 
0.090 for safe reactions; 0.045 > 
for expansive reactions). Note: - 17 
Horizontal arrows indicate ordi- 
nate scale to read) = 
10 
Ca 
Na,O 
S ad$or bed 
€ 
x 
4 
0 


0 0 02 03 04 OS O06 OF 10 
silica Reacted-m 


of the layer must be higher the thicker the layer. If a reaction has proceeded 
safely up to a given depth of penetration into an opal particle, the lime eon- 
centration must have been high enough at all times to deliver lime to the 
inside of the layer at the proper rate. If the lime concentration in the out- 
side part is just sufficient to maintain the required rate at a given depth of 
penetration, it must increase thereafter, and at an adequate rate, if further 
safe penetration is to result. [t does increase with the progress of the reaction, 
for it increases as alkali concentration decreases. But whether or not it 


increases at the proper rate depends upon the particular circumstances 


As already noted, Fig. 7 indicates that when using 16-30-mesh opal 
particles the final stage of reaction will not occur safely unless the final 
product contains at least 12 times as much adsorbed lime as adsorbed alkali, 
which means that the final alkali concentration must not exceed 2.5 g per 
liter. Had the particles been larger, the lime would have been required to 
diffuse through a greater distance and therefore the final alkali concentrations 
would have had to be lower than 2.5 g per liter to permit the needed build-up 
of adsorbed lime in the outer part of the reacted layer 


If 2.5 g per liter represents the safe final alkali concentration for 16-30 
mesh opal particles, it is also a safe concentration for smaller particles. In 
general our hypothesis indicates that the smaller the size of the particles 
the higher will be the just-safe final alkali concentration, provided that the 
critical stage of the reaction occurs near the final stage. The indications 


from the hypothesis when the critical stage oceurs early in the reaction, as 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1955 


seems to be the case with high-alkali cements, are developed in the next 
section 
Reactions with high-alkali cements 

Let us now consider reactions between opal particles of the kind discussed 
above in a mix made with a high-alkali cement. The data given in Fig. 1 
show that with NVa.0/c 0.01, the least quantity of I8- to 52-mesh opal 
particles that would give a safe reaction during 224 days (7! months) was 
SO yg of opal per g of NaoO. With low-alkali cements, safe reactions were 
obtained with mixes containing from 15 to 22 g of opal per g of alkali, de- 
pending on the alkali content. Why was about four times as much silica 
per g of alkali needed for a safe reaction in mixes made with only twice as 
much alkali? 


An explanation in terms of our hypothesis can be given with the aid of 
hig. 9, in whieh the results of caleulations for the two high-alkali cements 
are plotted. The calculations were made for a combination that was just safe 
with the high-alkali cement and for a combination that was expansive. From 


the various expansive combinations (see Fig. 1), we chose one which, if it 
had reacted safely, would have ended in a caustic solution having the same 
strength as that produced by the just-safe reactions with the low-alkali 


cement, namely, 2.5 g Na.O per liter. The explanation can be developed 


most clearly from Table 3 derived from Fig. 9 and Fig. 6 and 7. 

As shown in the final column, the first three lines of this table give caleu- 
lated values for two just-safe combinations and one expansive combination 
with low-alkali cements. The fourth and fifth lines represent a safe and an 
expansive combination with the high-alkali cement. 

The just-safe combinations with the low-alkali cements show. practically 
equal final ratios of adsorbed lime to adsorbed alkali (column 6) but different 
initial ratios (column 5), as was pointed out in the preceding section. The 
expansive combination (line 3) has the same initial ratio (column 5) as. the 
safe combination (line 2), but a substantially lower final ratio 

Line 4, representing an expansive combination with a high-alkali cement 
shows the same final ratio as the line | and line 2 combinations; but the 
initial condition is different. This initial ratio of adsorbed lime to adsorbed 
alkali, not given in the table, is shown by Fig. 9 to have been only 0.3:1. 


TABLE 3—CALCULATED CONDITIONS FOR JUST-SAFE AND EXPANSIVE 
COMBINATIONS WITH BOTH LOW- AND HIGH-ALKALI CEMENTS 


Alkali Vol. of siliea Ratio of adsorbed Final ratio 
content reacted Radial CaO to adsorbed adsorbed CaO 
of cement pereent of penetration Vaw) at indicated to adsorbed 
total percent penetration 


Just safe 
Just safe 

expansive 
expansive 
Just safe 


802 
(1) 2) (4) 1) 5) (7) 
O25 75 0 0 5:1 12.2 
21.3 0 0 11 6 
50 0 0 1.4:1 7.3 
100 24.3 14 1.4:1 11.6 
1 oo 72.0 2.5 1.4:1 30.0 


ALKALI-AGGREGATE REACTION 803 


Fig. 9—Computed alkali con- 
centration and ratio of adsorbed =| al Nad 1“ 
CaO to in combinations ~ | = 0.0! 
with a high-alkali cement (SiO. o 
Na,O = 72 for safe reactions; > f fo > 30 at m«/ 
24.3 for expansive reactions). > 12 12 
Note: Horizontal arrows indi- ze / 
cate ordinate scale to read 6 p> 
/ 
/ 
\ 
3 8 / aicad} 
adsor ded 
¢ \ / 
> Safe “> Expansive 
5 X 
/ 
2 
0 
Qi a2 4 0S 06 07 O8 9) 


0 
Fraction of Silica Reacted -rr 


The ratio did not reach the value 14:1, which was the initial ratio for the 
0.5 percent alkali of line 2, until 14 percent of the siliea had reaeted (see table 
This amount of reaction corresponds to a radial penetration of 5 percent 
(column 4), assuming even penetration of a spherical particle of reactive 
silica. 

Thus, on comparing lines 4 and 2 we see that for line 4 the conditions for 
lime diffusion were the less favorable at the start. and on comparing Cor- 
responding curves in Fig. 7 and 9 we see that they remained less favorable 
until the very end of the reaction. The ealeulations thus are in qualitative 
agreement with the faet that the line 4 combination was expansive and the 
line 2, safe. Since the conditions appear, by calculation, to have improved 
as the reaction progressed, and since the final condition was the same as that 
of a safe reaction (line 1 or line 2), it seems that the expansion must have 
begun at an early stage of the reaction, 

The just-safe combination with the high-alkali cement represented in line 
5 also started under less favorable conditions than the line 2 just-safe eombi- 


nation. The conditions remained less favorable until 2.5 percent of the 
silica had reacted, corresponding to a L percent radial penetration. There 


after, the condition for lime diffusion for line 5 was more favorable than for 
line 2 at corresponding stages of the reaction. For example, at 30) percent 
of the total reaction, representing a radial penetration of 11 percent, the 
ratio of adsorbed lime to adsorbed alkali for line 5 is 12:1 and for line 2. G: 4 


The corresponding caustic strengths are 2.5 g per liter and 6 gy per liter, re- 


spectively. Hence, it seems that the safeness of this reaction as compared 
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with that of line 4 was due to the difference in radial penetration at the 
early stages of the reaction. 

As already pointed out, we do not believe that calculations such as those 
shown in Table 3 give accurate comparisons, but they do serve to illustrate 
our hypothesis that with high-alkali cements expansion will occur unless 
the reactive silica is able to reduce the caustic strength to a safe level with 
only a slight penetration of the reactive silica particles. With the line 5 
combination a reaction producing a | percent radial penetration reduced 
the calculated caustic strength to 7 g per liter (Pig. 9), which is a little less 
than the initial caustic strength with the 0.5 percent alkali cement. The 
combination in line 4 required a caleulated 5 percent radial penetration of 
the particles to reduce the alkali concentration to this level. Evidently, a 
radial penetration of 5 percent in particles of the size used could not be 
effected safely at the ratios of adsorbed lime to adsorbed alkali that could 
exist at concentrations above 7 g per liter, that is, less than 1.4 adsorbed 
CaO to adsorbed Na.O. 

That the layer formed safely at high-alkali concentrations must be very 
thin is shown also by Vivian’s experiments with opal particles of various 
* He found that 200-300-mesh particles and all larger sizes could 
react safely with a 0.9 percent alkali cement, only if the amount of opal was 
somewhere between 60 and 70 g per g of alkali. With pulverized opal, all 
of which passed 300 mesh, any amount of silica down to the least amount 
used (1 percent) was found to react safely. This indicates that the thick- 
ness of the safe layer that can form in the relatively strong caustic solution 


SIZCS. 


is less than 25 microns, the radius of a 300-mesh particle, approximately. 
Probably the safe thickness is substantially less than that, for, as we have 
seen, the just-safe combination with the high-alkali cement shows a reduction 
of caustic strength to the low-alkali level after a 1 percent radial penetration 
of 18 52-mesh particles. The largest particle that can pass an 18-mesh 
sieve (British) has a diameter of about S00 microns. Hence, | percent pene- 
tration corresponds to only & mierons. Presumably, in the experiments 
with opal passing 300 mesh, the very low percentages were successful because 
the maximum size particles were few in number, and the higher percentages 
were successful because of the rapid reduction in alkali concentration caused 
by the reaction of the many extremely fine particles. 

The relatively high proportion of silica particles needed to give a safe 
reaction with | pereent alkali (72 percent of the weight of the alkali) was 
dictated by the necessity of keeping the radial penetration below a safe 
limit while the alkali concentration remained relatively high. The necessary 
amount of siliea was learned by experiment, as is shown in Fig. 1. During 
the initial stage, when the alkali concentration was dangerously high, it is 
possible that the unsafe reaction outstrips the safe reaction. But if the 
reaction laver is thin, the reduction in concentration effeeted by this initial 
reaction may then permit the safe reaction to catch up. It seems possible 
that during the interval before the safe reaction takes over, some expansive 


ALKALI-AGGREGATE REACTION 805 


complex may be produced, but it does not have time to imbibe water and 
swell before the safe reaction overtakes it and converts it to the safe condition 

The detailed analysis given above leads to the conclusion that with high- 
alkali cements expansive reaction is liable to begin near the start of the re- 
action and with low-alkali cements it is liable to begin near the end. To 
prevent expansive reaction with a high-alkali cement, the total surface area 
presented by the silica must be high enough to keep the radial penetration 
low until the safe reaction can begin to control. This it can do if the layer is 
still thin when the alkali concentration has been strongly reduced With 
a lower-alkali cement, where the critical stage is reached near the end of the 
reaction, the amount of silica must be sufficient for the safe reaction to 
maintain control. For it to maintain control, the number of silica particles 
must be such that, with the progress of the reaction toward the centers of 
the particles, a satisfactory gradient of adsorbed lime is still maintained 
That is, the lowering of the alkali concentration caused by the progress of 
the reaction brings about concomitant inerease in the adsorbed lime of the 
outer layer which, if sufficiently great, can maintain the adsorbed lime gra- 
dient in spite of the increasing thickness of reaction layer. Therefore, for 
particles of a given kind and for a given amount of alkali, the amount of 
silica required for a safe combination depends on the size of the silica particles 


INTERPRETATION OF RESULTS FOUND IN PRACTICE 

Why cements with less than 0.6 percent alkali generally are safe 

Our hypothesis, together with data on the alkali concentrations in hardened 
cement paste, explains why low-alkali cements usually show no expansion 
in the mortar bar test. The explanation comes from a consideration of the 
changes in alkali concentration (and the consequent changes in the ratio of 
adsorbed lime to adsorbed alkali in the outer parts of the reacted layers 
that oecur during the course of a given reaction. Conditions at the start 
are shown in Fig. 10 for cements of varied alkali content. This figure was 
derived from Fig. 3 of the preceding paper! and Fig. 5 of this one. It shows 
the computed ratio of adsorbed lime to adsorbed alkali in the first-formed 
siliceous reaction product in relation to alkali content of cement, for two 
different water-cement ratios. Since in mortar bar tests the water-cement 
ratio is usually near 0.5 by weight, we will focus attention on the lower curve 


A point on the lower curve at an alkali content of O4 percent, for example, 
shows that the ratio of adsorbed lime to adsorbed alkali would be 1.8 in 
a product that would be at equilibrium with the solution initially present 


in a paste having the water ratio indicated. It therefore indicates the ratio 
of adsorbed lime to adsorbed alkali in the reaction produet before the amount 
of reaction is enough to change the initial concentration appreciably 
(Before proceeding we must remark that again we are indulging in over- 
simplification in that we have supposed that all the alkali has gone into 
solution before any reaction with silica takes place. Also, we have assumed 
that the cement gel has already adsorbed the amount of alkali that ean be 
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Fig. 10—Ratio of adsorbed CuO 

to adsorbed Na.O in the com- 

plex that would be in equilibrium 

with solutions found in mature 
pastes 
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Alkali Content of Cement, % 


held in a mature paste. Even though this cannot agree exactly with fact, 
the considerations being presented lead to a reasonable explanation of the 


question before us.) 


As the reaction proceeds from this point, the alkali concentration decreases 
from its initial value. Hach inerement of reaction thus occurs in a weaker 
alkali solution than that for the preceding increment. It is apparent that 
the ratio of adsorbed lime to adsorbed alkali would begin to rise immediately 
after reaction starts. The previous considerations indicate that the reaction 
starts under safe conditions. Whether it continues under safe conditions 
will depend upon the rate at which the ratio of adsorbed lime to adsorbed 
alkali rises as the particles are penetrated by the reaction. We have seen 
that a sufficient rate of increase in the ratio can be maintained if there is 
a sufficient quantity of 16-30-mesh opal particles. If some of the particles 
are smaller, then, for maintenance of a given rate of rise of the ratio with 
respect to particle penetration, less opal is necessary. From results obtained 
in the field, it appears that the reactive mineral, when present, is usually 
there in sufficient amount and of sufficient fineness to keep a 0.6 percent 
alkali oxide content (of cement) under control. A small amount of quite 
fine particles goes a long way in this direction. 

Now, consider the point on the lower curve representing an alkali content 
of | pereent. At the start the amount of adsorbed lime is practically nil. 
As the reaction proceeds the caustic strength falls, but, as shown in Fig. 5, 


the ratio of adsorbed lime to adsorbed alkali does not begin to rise rapidly 
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until the ratio exceeds about unity. In Fig. 10 we see that for a water-cement 
ratio of about 0.5 the ratio does not reach unity until the caustic strength 
has been reduced to the point where it would have been at the start with 
cement containing between 0.5 and 0.6 percent alkali. Thus, the reaction 
begins under unfavorable conditions. A safe reaction can oecur if the re- 
active mineral in the aggregate presents enough surface to reduce the caustic 
strength sufficiently to produce favorable conditions before more than a 
shallow surface reaction of the larger particles has occurred. If the amount 
of surface is too small for this, the unsafe reaction will continue and expansion 
will occur. Since many tests have shown expansive reactions at alkali con- 
tents above 0.6 percent, we infer that under these conditions the surface 
exposure of the reactive mineral is usually insufficient. 

The indications from Fig. 10 are that if the mortar bars were made with 
leaner mixes, giving water-cement ratios higher than 0.5, the indicated safe 
alkali content would be a little higher than 0.6 percent. 


Function of pozzolanic additions 

The foregoing suggests an explanation for the effectiveness of pozzolanic 
additions in preventing expansive reactions with high-alkali cements. When 
we add a powdered reactive mineral we thereby expose a large area of re- 
active surface to the solution in addition to that of the coarser reactive parti- 
cles already present. For a given amount of reaction and thus a given lower- 
ing of the alkali concentration, the penetration of the coarser particles ts 
thus greatly reduced. If the amount of fine particles is adequate, the initial 
reaction decreases the alkali concentration to what it would be for a safe 
reaction with a low-alkali cement and the coarser particles may then continue 
their reaction safely. Evidently, the addition must be such as to reduce the 
alkali concentration to about what it would be with the cement containing 
0.6 percent alkali. The test data we have examined indicate that for several 
different pozzolanic materials the amount required in each case was that 
giving about 20 g of reactive silica per g of alkali in excess of 0.5 percent 
Probably the quantity of pozzolanic material needed would be dependent on 
the fineness. 

In Fig. 3 it will be noted that adding pulverized opaline chert did not have 
the same effect in all cases. With the cement highest in alkali, amounts up 
to 6 percent increased the amount of expansion, whereas with the other 
cements the same addition lowered expansion. Other similar results have 
been reported. Such results show that if a pozzolan is added to an expansive 
combination, in an amount too small to meet the requirements for a safe 
reaction, the expansion may be increased or decreased, depending on factors 
not dealt with in our hypothesis. It is therefore advisable to add an amount 
that will surely produce a safe reaction. 


Significance of hypothesis with respect to field surveys 
This hypothesis, supported by the data of Davis and Woolf, indicates 
that expansive reaction with low-alkali cements is liable to oeeur if the 
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particle size of the reactive component of the aggregate is relatively large. 
A coarse aggregate containing opal used with a sand free from reactive 
mineral might develop expansion in the presence of a small amount of alkali. 
Or a sand containing reactive mineral and unusually deficient in fines might 
cause trouble with low-alkali cement. 

When conditions such as these exist in a given geographical area, it does 
not seem likely that field-survey data analyzed statistically would reveal it. 
For example, if the reactive mineral in a given area occurs only in particle 
sizes larger than 50 mesh, expansion might occur at say 0.4 percent alkali when 
the percentage of reactive mineral is below a certain value and the reaction 
would be safe when the percentage of reactive mineral is above that value. 
If this percentage happened to be the average for the area surveyed, the 
survey would reveal as many cases of nonexpansion as expansion with 0.4 
percent alkali. The alkali would thus appear statistically to have no con- 
nection with the phenomenon. Yet it could still be true that every case of 
expansion was due to the alkali-aggregate reaction. 

The possibility that reactive aggregates unusually deficient in fines may 
cause trouble when used with low-alkali cements could easily be checked 
by suitable laboratory tests and indeed may already have been checked by 
some of the tests of Conrow.'® 


EFFECT OF DRYING 

Vivian has shown that the alkali in conerete can attack reactive silica 
even when the concrete is apparently dry. In structures built in arid regions 
significant reductions in evaporable water are probable. Therefore, if a 
reaction is to occur safely, it must be able to do so in the presence of a smaller 
amount of water than that required to saturate the concrete. 

In the laboratory mortar bar test the specimens are kept close to satu- 
ration by storing them in closed containers over water. However, other 
tests have been devised in which specimens are subject to drying and wetting 
cycles, the drying being aided by elevated temperatures. From our hypo- 
thesis we would predict that a period of drying occurring before the silica 
reaction has become completed might turn a safe reaction into a detrimental 
one, especially if the concrete is later wetted. Consider, for example, the 
upper curve of Fig. 6 at the point where 47 percent of the silica is indicated 
to have been reacted (m = 0.47). The strength of the alkali solution has 
been reduced from its initial value of 8 g per liter to a caleulated 4 g per liter 
and up to this point the reaction has proceeded safely. Now if half the 
evaporable water should be quickly removed, the alkali concentration would 
be increased by a factor of about 2, that is, from 4 to 8 g per liter. If such 
an alkali concentration were produced at this stage of the reaction, it would 
probably prevent the continued diffusion of lime through the reaction layer 
at the rate required for a safe reaction. The reactions would therefore pro- 
duce an expansive alkali-silica complex. As long as the specimen remained 
in the dry state, the unsafe reaction might not be evidenced by growth of the 
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specimen in the usual way. However, when the specimen is rewetted, it 
may show rapid expansion. 

Consider the effect of oven drying. When a specimen is placed in an oven 
at 130 F, for example, it can retain about the same amount of water as when 
dried at room temperature at 10 percent humidity. We estimate that if the 
evaporable water content at saturation is 34 percent of the weight of the 
cement, after the specimen has been dried at 130 F its evaporable water 
content is about 6 percent. Under this condition the alkali concentration 
when using a cement with only 0.2 percent alkali could be as high as or higher 
than the concentration in a saturated sample made with a cement containing 
1 percent alkali. It does not seem surprising therefore that Conrow observed 
rapid expansion with various cements having alkali contents ranging from 
0.2 to 0.73 percent after the specimens had been in an oven at 130 F for 7 
days and then stored in water. Even though Conrow’s test conditions were 
such as to permit leaching of a considerable part of the alkali, only a little 
alkali was required to account for the attack under the conditions described. 
The fact that he could prevent the expansion by a suitable use of pozzolan 
is in harmony with this explanation. 


GENERAL SUMMARY 


1. Published experimental data on specimens containing reactive aggre- 
gate show that the cement can contain some alkali without developing 
expansion from the alkali-aggregate reaction. The safe amount of alkali 
depends on the amount of reactive mineral and the size of the reactive 
particles, 


2. A hypothesis concerning reactions with opal has been developed on the 
basis of the following known facets. Alkali hydroxide can attack opal, form- 
ing alkali silicate. Hydration of portland cement saturates the liquid phase 
with calcium hydroxide. This caleium hydroxide can react with alkali 
silicate to precipitate lime-alkali-silica complexes. The composition of the 
complex is dependent on the alkali concentration in solution. 


3. The hypothesis may be stated as follows: 

(a) The initial reaction produces a thin layer of lime-alkali-silica complex (a non- 
swelling gel) that separates the unreacted silica from the lime and alkali in the con- 
crete surrounding the particle. The layer of gel contains adsorbed lime and adsorbed 
alkali that are available to the unreacted silica. 

(b) The relative amounts of adsorbed lime and adsorbed alkali in the reacted 
layer of opal are controlled by the alkali content of the solution external to the layer 

(ce) Adsorbed lime and adsorbed alkali diffuse through the layer to react with silica 
If the ratio of adsorbed lime to adsorbed alkali in the outer part of the layer is kept 
high enough, lime is delivered to the reaction site fast enough to produce a nonswelling 
gel. This means that the alkali concentration external to the layer must not be too 
high at any stage of the reaction. 

(d) If the ratio of adsorbed lime to adsorbed alkali in the outer part of the layer 
is not kept high enough, lime cannot reach the reaction site fast enough. Thus, an 
alkali-silica complex, or gel, is produced which can imbibe water and swell, causing 
expansion of concrete. 
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(e) When a reaction is proceeding safely, forming lime-alkali-siliea complex, the 
reaction of the lime releases some of the alkali that reacted initially. The ‘‘regene- 
rated” portion of the alkali is free to continue the attack on the silica. The indications 
are that under many conditions the safe reaction can continue until all of the re- 
active silica has been converted to a lime-alkali-siliea complex. 

({) For a safe reaction to proceed, a part of the siliea (probably about half) must 
diffuse out of the particle and react with lime and alkali outside the particle. 

4. existing data are not ideal for checking the hypothesis, but they give 
a degree of confirmation. The data are interpreted by means of Kalousek’'s 
data on the distribution of alkali between the solid and liquid phase and the 
corresponding ratio of adsorbed lime to adsorbed alkali at equilibrium in 
the presence of excess lime. Such interpretation of data of Woolf and Davis 
and Vivian leads to these results: 

(a) For cements containing up to about 0.6 percent alkali oxide the alkali con- 
centration appears to be low enough for safe initial reaction. For safe conditions to 
continue, the amount of reactive silica must either be negligible or more than a 
certain minimum determined both by the amount of alkali and the fineness of the 

(b) With high-alkali cements, the initial conditions promote unsafe reaction with 
reactive silica. Rapid reversal to safe conditions is necessary and will oceur if the 
reactive siliea presents sufficient surface area. However, if the silica particles are 
relatively uniform and not extremely fine, the required ratio of reactive silica to alkali 
oxide is much higher than for low-alkali cement. 

(c) The effectiveness of a good pozzolanie addition, in preventing expansion, is 
due to the large area of reactive surface that the pozzolan provides. Thus the high- 
alkali concentration produced by high-alkali cement is reduced sufficiently to permit 
safe reaction before the larger reactive silica particles have undergone more than 
shallow, surface reaction. Presumably, after that, the lime reaction can overtake the 
alkali reaction. 

5. Cements with less than 0.6 percent alkali are usually safe in the mortar 
bar test, and in coneretes containing reactive silica, apparently because the 
amount and fineness of the reactive silica usually meet the requirements 
mentioned in da. 

6. Field surveys analyzed statistically might not reveal existing cases of 
expansion due to alkali-aggregate reaction, if the reactive mineral is coarse 
and low-alkali cements are involved, 

7. A safe reaction might be converted to an unsafe one if the specimen 
is dried and resaturated before the reaction is complete. 

We believe that) previously established conclusions concerning the safe 
alkali content of concrete should be re-examined, as has already been sug- 
gested by Hanna'® and by Woolf. Also, we hope the considerations set 
forth in this paper will result in further laboratory studies such as seem 
required for an adequate test of the hypothesis. 
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Appendix—Details Pertaining to Calculations Such as Those 
Represented in Fig. 6 


To caleulate the amount of alkali in solution at any given stage of the reaction by means 
of eq. (5), we must take into account the fact that some of the alkali is held out of solution 
by the cement gel. This may be done by arbitrarily assuming that the cement gel does not 
hold any alkali and that, instead, a certain amount of reacted silica in addition to the un- 
reacted opal is present at the start. This hypothetical amount of silica was calculated from 
the following form of Kq. (4): 

Naf? We 


where S)/¢ hypothetical amount of reacted silica present before any of the opal reacted, 
g per g of cement 
After the reaction with opaline siliea gets under way, the fraction of opaline silica reacted 
at any given stage of the reaction is 
Sy 
SiO, 
The fraction of the fotal reacted silica (opaline + hypothetical) is 
S. +S, S. +S 


r 


+ Sp Si0,' 


We therefore first calculated m’ and the corresponding values of 2 /w,, using Eq. (5). 
Having obtained 2/w, versus m’, we calculated 2/w, versus m by the relationship 
Si 

In the calculations, the evaporable water, w,/e, was taken as 0.35, that being appropriate 
for a Type | cement at w/e 0.5, at a late age. The initial alkali concentration, 2/w,, was 
taken from Fig. 3 of Part 1. B was taken as 15 or a lower value from Table 2, according 
to the initial strength of the solution 

We recognize that these calculations do not conform to all the realities. We have simplified 
the problem by assuming that the cement completes its hydration before the reaction with 
the opal begins; and we have, in effect, treated the silica of the cement as though it were a 
lesser amount of opal (determined by Fig. 3 of Part 1). However, the calculated results 
serve to indicate certain qualitative aspects of a complex process and seem to us to be justified 
on that basis 
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offspring. My collection of this strange 
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Most of these 
cumulated for many years and I do not know 
if the firms listed still 
product. Where known, I have 


date when word was first used 


trade names have been ac- 
manufacture the 


indicated 


Word 


Aircreter 


Where used 
(Nonagitating 
truck) Supermix,  Ine., 
Adrian, Mich 
Arid-Crete 
cinnat, 


ready-mix 


Arid-Crete Cin- 
Ohio 
masonry) Art 
Craft Blocks, Ine.,Canton, 
Ohio. First use 1948 
(Castable refractory) Mexico 


Corp. of 
Cincinnati, 


Art-Crete (Concrete 


Baffle Crete 
tefractories Co., Mexico, 
Mo. First use 1936 

(Hydraulic-setting, 


Basicrete chrome 


base, custable cement) 
General Refractories Co., 
Philadelphia, Pa First 
use 1949 

Campecrete (Self-set ting 


surfacing and 


resurfacing materials 


namely, cement as- 
phaltic compositions) The 
Camp Co., Chieago, Tl 
First use 1948 

(Canned cement) 
The Sullivan Co., Mem- 


phis, Tenn 


Can-Crete colored 


Cast-Crete (Precast conerete products) 
Cast-Crete Products Co., 
San Angelo, Texas. First 
use 1933 
(Prefabricated roof slabs) 
The Formigli 
Berlin, N. J 
1937 

Creto Co ol 


Channel Crete 
Corp., 
First use 
Creto California, 
Calif. 
Rock-Tred 
First 


Los Angeles, 
Dense-Crete (Accelerator) 
Chicago, Tl. 
use 1939 


(Ready-mixed 


( ‘orp 


Durocrete heavy duty 


floor repair cement) 


American Fluresit Co., 


Cincinnati, Ohio 


Evercrete 


Fabcrete 


Factocrete 


Flex-Or-Crete 


Furnas Crete 


Glazerete 


Cruncrete 


Handicrete 


Heat-Crete 


Hofferete 


Kayerete 


Kon Creto 


Khonerex 


Konkrete Kore 


Konkure 


Latex-O-Crete 


Lubricon 
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(Treatment for dust-proof- 
ing and preventing lime 
action on oil base paints) 
vercrete, Ine., New York, 
N.. ¥. 

(Prefabricated floor, wall, 
or root units) Faberete 
Corp., tichmond, Va 
First use 1947 

Broadway Trust Co., West- 
minster, England 

Flex-Or-Crete ‘orp., Boston, 
Mass 

(Castable refractory) Mexieo 

Mexico, 
Mo. First use 1932 

(Glazed facing material of 


tractories Co., 


cement and aggregate) 
Horace A. Reeves, Ard- 
First use 1948 
(Pneumatically applied 


more, Pa 


erete) Cement Gun Co 
Allentown, Pa 


(Concrete gravel mix) The 


First use 


Carney ('o., Ine., 
Mankato, Minn First 
use 1950 

(Admixture) Products Plan- 
ning Co., Pittsburgh, Pa 

(Waterproofing adhesive 
masonry mortar) George 
W. Hoffmann Corp., New 
York, N. ¥ First use 
1047 

(expanded perlite aggregate 
for admixture re- 
luctory cement)  Cirent 
Lakes Carbon Corp., New 
York, N.Y. First use 1951 

Murphy Varnish Co., Ltd., 
Montreal, Canada 

A.C. Horn Co. Long Island 
City, N. 

(Conerete drill) Tilden Tool 
Mig. Co., Pasadena, Calif 

(Curing compound) J. R 
Anderson Co., Laos 
Angeles, Calif 

(Floor resurlacing come 
pound) United Laborato- 
ries, Ine., Cleveland, Ohio 

B \ 


Davenport Ine., 


Washington, D. © 


Masticon 
Novocrete 


Omacrete 


Presterete 


Presscrete 


Pumacrete 


Red Crete 


fockercrete 


tocrete 


Sackerete 


Steel-Crete 


Steelerete 


Thermo-Con 


Trip-L-Crets 


Tulerete 


Vitocrete 
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Frank White, Minneapolis, 
Minn 

The Novocrete New 
York, N.Y 

(Premixed conerete) Con- 
crete Products and Ma- 
terial Co., Ine., Omaha, 
Neb. First use 1947 

(Prefabricated 
units) Presterete 
Co., Plano, Il 

(Grouting equipment) The 
Presserete Co., Ine., New 
York, N \ 

(Cementitious building mia 
terials) The Wetell 
Los Angeles, Calif First 
use 


(Premixed concrete) Kuring 
and boric Assen 


Glendale, Calif First use 
1946 
(Block machine) Roy 


Darden Industries, 
Atlanta, Ga 
(Material used I precast 
building units) The Rohan 
Co., Garden City, 
N.Y hirst use 1933 
Sackerete, [ne 


Ohio 


Cincinnati 


(Concrete and plastic com 
positions) Joseph Downes 
Sioux City, hirst 
use 192] 

(expanded metal and rein 
forcing mesh) Wheeling 
W. Va First use 1907 

Higyins Industries New 
Orleans, 

(Patching cement) Trip-L 
Seul \ ishington 
© First use 1947 


Tuferete Co Des Moines 


lowa. First use 1040 
(Vermiculite conerete) Uni 
versal Insulation Co 
Chicago, 
The Portland Cement Sel! 
ing and Distributing Co 
Lid London, Iengland 
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An Application of Radioactive Tracer Techniques (12 51-19) 


Evaluation of the Relative Penetration of Fluosilicate Solution into Concrete With and Without 


the Presence of Wetting Agents 


That the reaction between fluosilicates and 
calcium hydroxide (and/or carbonate) vields 
insoluble decomposition products has been 
known for 
this 
hardening of 


many years The utilization of 


reaction for the purpose of chemical 


concrete surfaces by 


appli- 


cation of aqueous solutions of the fluosili- 
cates to these surfaces has been equally well 
known, having originated in Germany about 
60 years ago. Since that time many millions 


of square feet of conerete surfaces and 
particularly flooring have been hardened by 


that method all over the world 


The chemical reactions which take place, 


and it is important to note that they take 


place in situ, are the following 


(1) 4+ 2Ca (OM), —> 
MF, + 2CaF, + SiOz 4+ 
(2) MSiF’, + 2CaCO,—> 
VF, + 2CaF, SiO. + 
Where M is the metal cation attached to 
the group 


200, 


that 
sihea deft as 


It is obvious the insoluble flourides 


and reaction products within 
the pores of the surface of a portland cement 
concrete slab must 


Indeed, 


the solutions of fluosilicates and the number 


raise its abrasion resist- 


anee when the concentrations of 


of sequential applications are judiciously 


controlled to conform with the degree of 
porosity of the conerete surface to be hard- 
ened, the end result is hardly distinguishable 
vitrified virtually 
immune to the abrasive action of the heaviest 
traffic This 
that the original 


laid in accordance with the best) principles 


from a surface which is 


industrial result) of course 


floor has been 
of design 

An additional 
the treatment 
the treated 
attack 


advantage saceruing from 


is the enhanced resistance of 


surface to acid and acid. salt 


This makes it possible for example 


to flush away acid spillage (on, say, plating 


room floors) before any erosion of the con- 
crete can take place 

This letter relates to the evaluation of the 
treatment in terms of the depth to which 
it is effective. Many efforts have been made 


in the past to arrive at such an evaluation 


by way of suitable The 
such 
difficult to 
view of the fact that 
tukes 
that if 


realized 


abrasion tests 


consensus of observation, however, in 
that 


control especially in 


tests has been they are 


the hardening action of fluosilicates 


place virtually on the surface and 


any reaction below the surface is 


it is at best to a depth of only 1 to 2 mm. 
The 


from the fact 


this 
that the reaction 


reason for observation derives 


between a 
fluosilicate solution and a 


concrete surtace 


Is Instantaneous, 7@.¢., It takes 
that the 


Surface 


place the 


moment solution contacts the 


surtace immediately 


filled with the metal fluorides and silica, and 


pores are 


migration or penetration of the solution 


below the surface is thereby impeded and 


on all but the most porous surfaces (which 
of course are not characteristic of 


good 


concrete floor) are substantially completely 


stopped 


and consistent 


tests have been difficult 


Conecordant results of 


abrasion to obtain 


for other reasons such as irregularities in 


morphological structure, variations size 


and hardness of randomly distributed aggre- 
gate, and variations in quality of concrete 
Variables of this type would normally be a 
bar to uniform testing of any refractory and 


empiric substance such as concrete 


Some years ago the writer conceived the 


idea of lowering the surface tension of 


fluosilicate solutions, 7.¢., imparting surface 


activity by the Incorporation ot suitable 


wetting agents, so as to obtain positive 


penetration of the solution into the body 


slab 


practice there was every indication that the 


of a concrete Upon reduction to 


entirely and a 
U. S. Patent 2,203,302, 


improvement. Various physical methods ot 


idea was operative patent, 


was Issued on the 
validating the idea such as differential stain- 
ing and MAICrOscCOple study of treated sections 
of the conerete were defeated by the vari- 
the fact that 
treated 
discernible 


ables mentioned as much as by 


normal conerete and fluosilicate 


concrete exhibited no readily 


differences in essential structure Abrasion 


tests of both fluosilicate treated and = un- 
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treated slabs give sore indications but of 
an indecisive character 
Some years ago discussion of the subject 


National 


(where the last 


with technologists of the 


of Standards 


Bureau 
mentioned 
conducted) led a 
Foster that 


abrasion tests were 


suggestion by Bruce I; a feasible 
approach might be through the use of radio- 
active tracers. Since such tracers became 
readily available and Isotope technology had 
developed feasible methods, the writer com- 
staff ol 


the idea to 


radioactive chemical 
Snell, Ine., 


practice. A summary 0 


missioned the 
Foster D to reduce 
the report follows 
and we 


“We 


undertake 


quote 


were authorized by the client to 


studies to determine the pene- 


tration Ob Zine Into conerete 


done with and without 
the addition of a 
accordance with the 
2,203,302 
has 


trace! 


This was to be 
suitable wetting agent in 
Liberthson [ S. Patent 
decided to use radioactive 
this 


OD im the 


been 
technics kor purpose ten 
millicuries of zine form of a zine 
chloride solution were obtained from the Oak 
tidge National Laboratories under authori 
Atomic energy Commission 


carrier-free Zn! 


zation from the 


Several millicuries of 


Sif’, (zine fluosilicate) were then prepared 


\ solution was then prepared contaming 
20 g of ordinary per mil 
of solution knough of the radioactive 
then added to 


58,000 counts per min per mil ot 


material was give about 
solution 


Muller 
For the penetration studies, the 


All counts were made with a Geiger 
eounter 
was diluted with 
and 2:1 


~ al 


stock solution deseribed 
water in the proportion of | 


In one series of experiments 


average mortar (1:4 Ottawa sand to standard 


portland cement, finished to approximate the 
quality ol class © concrete 


topping) were 


treated successively with each diluted solu 


The 


1) were obtained with a zine 


tion figures in the columns 2 to 4 
(Table 


solution 


ente which contained no wetting 


agent. The figures in columns 5 to 7 were 


obtained with «a solution of the same con 


centration of zine fluosilieate, but which 
also contained a solution of an anionic wet 
elrent The 


found at 


ting agent supplied by the 


relative specific activity VATIOUS 


depths is then found by dividing the activity 
units by the 
The at 


proportional to the 


in stultabole weight of the sample 


counted quantities are direct] 


amount of radionetive 


reaction products to found at t 


depths 


The ratios should be regarded in the 


TABLE 1—PENETRATION OF ZINC FLUOSILICATE SOLUTIONS WITH AND 
WITHOUT WETTING AGENT INTO AVERAGE CONCRETE* 


No wetting agent 


reatrnent 
aleulated r 


together wi rapolation of data at lesser « 


With wetting agent 


Relative Relative 
Depth counts Weight activity counts Weight activit went 
mm per min mg counts per per ron mg counte per No wettip 
nh per mg min per mg agent 
0 Is $3.2 745 22.2 6 
surtace “70 21.2 ¢ 
nean 8 10 
Otol 1315 SY 14 7 1182 72.3 4 
mean 140 1.1 
lto 2 145 160 288 4) 72 
ean ) 232 2.58 9 1 
5 s O52 Of 10} 4172 224 ‘ 
OOF as 4.545 215 
ean 4] > 
Sto 7 742 0 2 0 OO4 
0 “75 0 OO} 
al l min with 1:2, 2 min with 1:1, 4 oun with ] 
+ tio is infinite, but counts are so low, the approach or equal probable err Howeve sbaerved 
lata, ee ie tiie, indicates a probable ratio of the order of 100 or more 
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light of the facet that the chemical reaction 
that takes place is instantaneous on surface 
first 
exceedingly 


contact For the millimeter or so, 


the ratios are close to unity 


However, the surface active solution does 


indicate greater penetration and hence 


greater deposition of reaction products even 
The 


then changes dramatically, and, at a depth 


into the topmost millimeter picture 
of | to 2 mm, the addition of the wetting agent 
has increased the fuosilicate 
with the 


factor of ten 


zine 
at that level by a 


even more spectacular ratios 


amount of 
reacting concrel 
are obtained at 2 to 5 mm 

then it that the 
presence of a wetting agent in a zine fluosili- 


“In brief may be said 


cate solution increases the 


this 


penetration ol 


substance into concrete two ways 
the solution will penetrate deeper and reaction 
products will be deposited in greater quantities 

In the 


agent 


range of | to 2 mm, the wetting 


increases the amount of zine by a 
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factor of about ten in the case of average 
concrete At greater depths, this effect is 
still The 


definately indicate the greater advantage of the 


more marked results obtained 
wetting agent, which is almost spectacular in 


the case of average concrete 


“The results obtained in these investiga- 
They 


would have emerged even more vividly had 


tions are completely trustworthy. 


much higher specifie activities been used 


This was not done because of the much 


greater radioactive hazards involved 


Acknowledgment is due technologists of 
Foster D. Snell, 


cooperation and suggestions in the discussions 


Inc., for their valuable 
which led to the execution of the problem as 


outlined 


Leo Linerruson, Technical 


Director, Building Products 
Division, L. Sonneborn Sons, 


Ince., New York, 


Bridges 
Prestressed slab bridges (in Hungarian) 


Boveskey and A. Perurn, Melyepitestudomany: 


Szemle, V. 2, No. 4, Sept. 1952, pp. 456-462 
HUNGARIAN TecunicaL AnsTRacrs 
5, No. 3, 1953 


Use of prefabricated, prestressed units in 
the construction of slab bridges is discussed 
Units were manufactured according to the 
Hoyer system. 
deck 


units is ensured by 


Joint action of the in situ 


concrete slab and the prefabricated 
the bond of the concrete 
Struc- 


tures of this type are suitable for spans of 


and also by bent-up reinforcement 
2to 5m. Openings between 5 and 7 m are 
spanned with slabs that have edge beams 
In this case the structure acts as a two-way 
slab supported in one direction by the edge 
beams. The maximum caleulated value of 
the bond stress between the in situ concrete 
and the prestressed units before failure was 
8.2 kg per sq em, whereas under actual loading 
this value did not exceed 2 kg per sq em. This 
joint action proved satisfactory in the case 
of dynamic loading as well. The economy 
in steel attributable to this type of structure 
reached 48 and 51 percent for 3- and 7-span 
bridges, respectively. 


Composite bridge structures in Turkey (Neke 
beleske uz projekte mostova za Tursku) 


M. Mominov, Nase Gradevinaretro (Yugoslavia), V. 8% 
No. 6, 1954, pp. 159-162 


Reviewed by J. J. PotivKa 


Description of five bridges built in Turkey. 
Three of them consist of three free spans of 


46 ft, one is a Gerber-type with center span 


*A part of copyrighted JouRNAL or THE AMERICAN Concrete INeriruTe, V. 26 
Detroit 19, Mich 
If it is followed by a foreign title the work reviewed is in that language 


V. 51. Address 18263 W. MeNichols Rd 
the book or article reviewed is in English 


Current 


Reviews’ 


of Significant Contributions in Foreign and Domestic Publications 


of 71 ft and two side spans of 53 ft, and the 
fifth bridge is a combination of three con- 
of 59 ft 
three-span type, the center span measuring 
130 ft and the side spans 63 ft each 
width of the deck is 36 ft, 
sidewalks 5 ft 


tinuous spans and «a cantilever 


Typical 
including two 


wide Design and analysis 


are discussed with reference to previous 


studies and publications by Dischninger, 
Frohlich, lésslinger, Sonntag, Sattler, Rein- 


itzhuber, and Leonhardt 


Four large prestressed concrete bridges in The 
Netherlands (in Dutch) 


J. J. J. Bouvy and G. F. Janssonrus, Cement 
(Amsterdam), No. 17-18, pp. 278285; No. 19-20 
pp. 620-425, 1954 

Reviewed by Joun W. T. Van Enr 


Some large prestressed bridges were built 
in 1953 in The Netherlands, all of 
demonstrating the 


them 


savings possible over 
conventional reinforced concrete, amounting 
to 20 percent in one instance (see example 4) 
Examples 2, 3, and 4 


structures 


were continuous 
1. Bridge at Pannerden 
of 51 ft 


of T-section, 


12 simple spans 
Post-tensioned, steam-cured beams 
height The 96 
identical beams were prefabricated at the 


constant 


job site. Tensile stresses in the concrete up 
to 210 psi during erection only, taken care 
of by mild steel reinforcement. Lateral pre- 
stressing of 25 ft long cables by jacking from 
side of the bridge only. Quantities 
630 cu yd; prestressing 
23 tons; and mild steel 


one 
concrete steel 
17 tons. 


No. 8 Apr. 1955, Proceedings 
Where the English title only is given in @ review 


In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 
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2. Bridge at Nijmegen 
ft.  Post-tensioned 


three spans of 85 
girders of 
A new method fer establish- 
ing continuity (on which patents have been 
applied for) was used and proved to be 
simple. The beams are about 4% longer than 
their spans and thus cantilever out over the 


T-sect ion, 
constant height. 


piers into the next spans. They are staggered 
in plan so that their cantilevered ends overlap 
each other. These ends are pressed together 
and the friction 


developed between the beam-side faces at 


by lateral prestressing 
the supports is ample to take care of negative 
(Quantities: 850 cu yd; 
prestressing steel —39 tons; and mild steel 


moments. concrete 


19 tons 


3. Bridge at Leimuiden Five continuous 
spans, biggest center span; 100 ft. Post- 
tensioned girders of T-section, varying height 
(curved haunches) 


Center girders 


were fabricated in a casting yard on the river 


span 


bank and prestressed for dead load only. 


The other cast-in-place girders were also pre- 


with all cables 
Joints 


stressed for dead loud only 
following draped patterns. 


points of 


were at 
inflection After erection, 
tinuity was effected by continuity cables run- 
ning straight (270 ft). 
Lateral this 
bridge followed the skew, running parallel 
Quantities: 
28 tons: 


from end to end 


prestressing cables in skew 


to abutments and piers. 
crete —670 eu yd; prestressing steel 
and mild steel tons 


Bridge over the Amstel River Five 
spans of 75, 112, 186, 112, and 94 ft, with 
the three large spans continuous; four lanes 
wide for fast traffic plus two for slow traffic 
(mostly bieveles) and two sidewalks; total 
width SO ft Girders post-tensioned, T- 
sections of varying height, prefabricated in 
sections in a casting vard near the job site 
Joints were at the points of inflection and 
seaffolding for erection was needed only at 
Steel 


vibrated, 


these points forms were used, ex- 


ternally and «a great number of 
test cubes, 12 per girder section, were made 
in steel molds built integrally with the girder 
forms 


to the 


‘Test specimens were thus as identical 


concrete the girders as possible 


Continuity was obtained by the use of con- 


tinuity cables During continuity pre- 


stressing the levels of the girder tops were 


constantly surveyed as a check on defor- 


mations and they proved to be in fairly good 
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agreement with predicted deflections, not- 
withstanding uncertainties as to the modulus 
of elasticity of the various girder sections of 
different age. 


Construction 


Construction program of Suburban 
Water Co. meets unprecedented demand 
S. Cieil Engineering, V. 24, No. 2 
Feb. 1954, pp. 41-45 

Construction details are given on trans- 


mission, water storage, and = distribution- 


system facilities. Of particular interest is 
The 
tanks are 126 ft in diameter and 54 ft 4 in. 
high. 


and horizontally. 


description of concrete storage tanks. 


Tank walls were prestressed vertically 
Kach dome, 24% in. thick 
increasing to about 10 in. at the outer edge, 
was shotcreted. 


Nechako Kemano Kitimat development 
The Engineering Journal (Montreal), V. 37, No. 11, 
Nov. 1054 
Reviewed by Anon L. Minsky 
Ientire issue is devoted to papers on this 
power-cum-aluminum smelting development: 
hydraulics, Kenney dam, underground power- 
house, penstocks, transmission lines and 
Kitimat harbor, 
the effect of the 


fisheries. 


towers, smelter, and even 


power development on 


Design of a new shipyard 

Engineering (London), V. 178, No. 4618, July 40, 1954 
pp. 154-156 

¥ 


Reviewed by Anon L 


Precast prestressed members were used 
extensively in the construction of buildings, 
paving slabs, and other items for a new ship- 
yard at Lowestoft. Choice of precast con- 
crete was based primarily on unfavorable 
with structures in this 


experience steel 


locality. 


Problems in construction of underground water 
reservoirs (Nekaj konstruktivnih proproblemov 
pri gradnji podzemnih vodnih rezervoarjev) 
France Apamic, Gradbeni Vestnik (Yugoslavia), V. 6, 
No, 19-20, 1953, pp. 193-196 


Reviewed by J. J. PonivKs 


Discusses some problems encountered in 
design and construction of underground reser- 


voirs in reinforced concrete, ¢.g., most eco- 


nomical shape for various capacity (circular, 
rectangular), effect of the bearing capacity of 
soil, various types of walls, roof and floors, 
drainage, watertight gates, properties of con- 


crete, and surface treatment. Describes use of 
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prestressed concrete in a 50-ft diameter cir- 
It is 27 
ft deep and has a 2 in. thick shotereted dome 
shell. Walls are 5 in. thiek, 


bottom slab rests on a 3-in 


cular reservoir in Crawley, England 
and the 2-in. 


conerete base 


Derrick-hoisted forms save time and money 
M. J. Cotarusso, Cinl Engineering, V. 24, No. 1, 
Jan. 1954, pp. 48-49 

A “form-lift” method was used in erection 
of 175 x 75-ft four-story reinforced concrete 
building. The method basically consisted of 
hoisting external wall form panels from floor 
to floor as each section was completed. Form 
56-in 
plywood of the stud-and-wale type, in basic 
wide and 14 ft high 


Two 22 ft high, 5-ton capacity hand derricks 


panels were standard plastic-coated 
section sizes of 37 ft 
were used to lift a panel. 


Dams 


Progress in the manufacture of plain concrete, 
with especial consideration to construction of 
water power dams (in Swedish) 

F. Touike, Betong (Stockholm), V. 39, No. 1, 
pp. 1-33 


1954, 
SUMMARY 

Because of the increasing demands on the 
strength of concrete and especially by those 
caused by the development of water power 
in the Alps, 
Europe has made notable progress during 
the last few This is 
regarding some remarkable examples. Progress 


manufacture of conerete in 


years described by 


is shown in the field of weatherproofness and 
Also 


stresses in 


durability of concrete discussed are: 


behavior of internal conerete 


structures, porosity of cement mortar, im- 


portance of cement class and coarseness of 


material, influence of the finest particles and 


of air entrainment on the behavior of con- 


crete, and the development of cracks by 


secondary chemical processes 


Design 


Girder on elastic foundations (in Croatian) 
igoslavia V.8 


Joze Srarnic, Nase Gradevinarsteo 
No. 7, 1954, pp. 201-208 


Reviewed by J. J. PouivKa 


Referring to previous research — by 


Kammiiller and WKogler-Seheidig, the author 


develops equations of influence lines of 


settlements, bending moments, and shears 


for two cases (a) continuous foundation 


slab; (b) foundation slab with a hinged joint 
in the middle 


Design of cylindrical shell roofs 


J. Giasonw and D. W. Cooper, Van Nostrand 
ind Co., Ine., New York, N. Y., 1955, 185 py S850 


mathematical treatment of 
The hook Is suitable 


for advanced structural engineering courses 


Essentially a 
eviindrical shell roofs 
at the graduate level. Derivation of theory is 
similar but more difficult to follow than that 
Vanual of 
Engineering Practice No. 31. For practicing 
this book falls far short of the 
manual in usefulness. Material included which 
available in the 


given in the appendix of ASCE 
designers, 


is not manual includes a 


chapter on the design of prestressed edge 
beams for eylindrical shell roots, north light 
shell roof design, and photoelastic studies on 
shells, The 


mathematical approach which is strongly em 


end diaphragms cylindrical 
phasized throughout the book, somewhat to 
the detriment of practical design considera 
tions, works up to a chapter on solution by 
matrices which the authors state is suitably 
arranged for programming for an automaty 
electronic calculating machine 


Design of gasholder tanks 


Indian Concrete Journal (Bombay 28, No 
Sept. 1954, pp. 368-560, 497 


Design for a reinforced concrete gasholder 
tank, 


plant, is presented 


suitable for a small gas producing 


Theory of plasticity in reinforced concrete 
(Teorija plasticiteta u armiranog betona) 

Hl. Craemen, Izadev. Preduz. Minist 
Belgrade, Yugoslavia, 1951, 309 py 

Mecuanicos 

June 1954 (Brandes 


Crardye 


In many countries the methods for deter- 
mining dimensions ol cross sections tor rein 
forced concrete members are changing trom 


those of the theory of elasticity (nm method 
of admissible tensions) to methods resting on 
the plastic behavior of steel and conerete in 
method free from n rupture 

Author 


summary of the 


gives i clear and comprehensive 


fundamental laws proving 


The 


load capacity on the various types of loading 


the validity of this form of calculation 


and the degree of safety are carefully dis 
cussed on the basis of results given in earlier 
At the end of the book 


the determination of cross section 


chapters 
tables for 
dimensions are 
\ chapter 
statically 


given 
load 


indeterminate s 


treats the capacity ol 


stems (beams, 


girder grillages, frames, and arches); another 
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deals with crosswise reinforced slabs and flat 


more rapid caleulation than is possible with 


Methods are developed which enable 


methods based on the theory of elasticity. 


\ bibliography contains about 100 references 


Energy methods of statics applied to linear 
boundary value problems (in English) 
T. A. Betong (Stockholm), V. 390, No. 1, 
1054, pp. 35-51 
AUTHOR SUMMARY 

Some mathematical concepts used in soly- 
ing boundary value problems are deseribed in 
the first chapter. The statical interpretation 
of these concepts is illustrated by examples. 
The second chapter demonstrates the con- 
nections between methods based on the 
principles of minimum of error potential and 
minimum of potential energy, on the prin- 
ciples of virtual forces and virtual displace- 
ments, and on the theorem of Castigliano and 
Mention 


is also made of the requirements for obtaining 


the law of conservation of energy. 


identical results by means of these methods. 


Lateral buckling of tied arches 
Wittiam 


of Civil bnagineers 
Aug. 1954, pp 


Proceedings, Institution 
London), Part III], V. 4, No. 2 
196-514 

Reviewed by 


Anon L. Minsky 


In the “Stabbogen” type of arch, the areh 


rib is relatively slender (about a horizontal 


axis) compared to the stiffening girder (or 
bridge deck) and henee may be treated as a 
pure compression member. Paper presents 


a theoretical analysis based on Ravyleigh’s 


principle, and deseribes experimental in- 


vestigations on steel models. Results indi- 


cate that hanger pulls exert: a considerable 
stabilizing influence on arch ribs, which are 


thus considerably more stable laterally than 


chords of trusses 


Graphical determination and arrangement of 
shear reinforcement and stirrups in reinforced 
concrete beams (Graficno dimenzioniranje po- 
sevne armature in stremen armiranobetonskih 
nosilcev) 


Snpsan Tonk, Gradhen 
No. 25-24, 1053, pp. 54-04 
Reviewed by J. J 


Vestnik (Yugoslavia), V. 6 


POLIVKA 

Two graphical methods are presented (1) 
based upon the lines of maximum bending 
moment, whereby the shear values are deter- 
mined by the angle ol tangents to the moment 
lines at any particular cross section 
positive and negative bending moments), and 
2) based upon the influence lines of bending 


moment and shear. Classical solutions are 
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presented in a graphical way for beams with 
constant and variable cross sections. A special 
chapter is devoted to graphical design of stir- 
rups, their dimensions and spacing. 


Design of grass bins (elevators) in reinforced 

concrete (O projektiranju in gradnji silosov za 

kislo krmo) 

Manrin Onnan, Gradheni Veatnik 

No, 23-24, 1953, pp. 70-74 
Reviewed by J. J 


(Yugoslavia), V. 6, 
POLivKa 


Discusses the work of A. P. Pemington at 
the New Jersey Agriculture Experiment Sta- 
tion of the U.S. Department of Agriculture 
on design of silos for grass. Important factors 
discussed are the relation between capacity 
dimensions of the elevator, most 


and 


nomical dimensions for a given capacity, 
foundations, wind pressure on high elevators, 


construction methods, and maintenance. 


Study of the bowstring arch having extensible 
suspension rods and different ratios of tie-beam 
to arch-rib stiffness 


SIMILAKN CHANDRANGSU and STran R. SPARKES, 

Proceedings, Institution of Civil Engineers (London), 

Part III, V. 4, No. 2, Aug. 1954, pp. 515-563 
Reviewed by Aron L. Minsky 


Three methods of analysis are 
and discussed: (1) 


presented 


exact, including the 


effect of the rigidity of the arch; (2) approxi- 


mate, assuming pin connections at ends of 
tie rod, inextensible suspenders, and rela- 
tively flexible arch ribs; and (3) membrane 
analogy, with the suspenders replaced by a 
membrane Influence 


continuous — elastic 


coefficients based on strain-energy relation- 
ships are used for the first two, using “incre- 
ment transformations’ to simplify the caleu- 
used in the third 
tesults were checked experimentally 


lations; Fourier series are 
using 
loaded celluloid model, 


Anomalies and fallacies in the current elastic 
theory of flexure as revealed in its application 
to reinforced concrete structures. !—New 
doctrine of elasticity 


T. Muvutan, Madras, India 


teviewed by 


1954, 19 pp 


Anon L. Minsky 


A lecture delivered at the Institution of 
engineers (India), Madras Centre, Feb. 27, 
1054 


principles for reinforced concrete design are 


Author's proofs of validity of elastic 


bused on theological grounds; his new 


Hindu 


Two further lectures, on a new 


doctrine of elasticity is) based on 
philosophy 
concept of force and a new elastic theory of 


flexure, are promised. 
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Analysis of multiple frame structures with 
variable cross sections by the method of 
substituted members (Rijesavanje okvira sa 
stapovima promieniivih preseka pomocu zam- 
jenjujucih stapova) 

V. and Monic, Nase Gradevinars 
Yugoslavia) 8, No 7 1954, pp. 177-181 


teviewed by J. J. 


The elastic properties of individual mem- 
bers rigidly connected are expressed by fixed 
Ritter, Suter, 
The method is demonstrated 


points, as developed by and 
other authors. 


by numerical examples 


Analysis of multiple-story frames subjected to 
horizontal loading (in Croatian) 


Zivosin Hina Vase 
V. 8, No. 7, 1954, pp 


Gradevinaratvo 


195-201 
Reviewed by J. J 


ugoslay im) 
POLIVKA 


Three methods are thoroughly discussed 
and compared on the basis of a numerical 
example: (1) of Charles EB. Reynolds (Retn- 
forced Concrete Designers Handbook, London, 
1948); (2) of J. Eisenmann (Der Bauingenieur, 
V. 28, No. 6, 1953); and (3) of Ralph W 
Stewart Method for Analyzing 
1948) Author 
expresses the opinion that the treated prob- 
sup- 
gestions for simplifications of the analysis, 


(Traverse 
Continuous Structures,” 


lem is not finally solved, and makes 


especially time-saving for trame structures 


with relatively slender columns 


Shell structures 


4.1L. Devaney, Journal, Boston Society of Civil En 
gineers, V. 41, No. 4, Oct. 1954, pp. 405-417 


Reviewed by Anon L. Minsky 


Simplified exposition of how shells function, 
emphasizing the geometrical and physical re- 
lationships involved. A useful introduction to 
the hitherto uninitiated to ASCE Manual of 
Engineering Practice No. 31, 
Cylindrical Shell Roofs.”’ 


“Design of 


Design of tee-beams 
H. J. Horkxins, Concrete 
neering (Landon), V. 49. No 


and Constructional Engi 
10, Oct. 1954, pp. 405-4306 
AL SUMMARY 


Most 


quire the depth to be determined by trial and 


methods of designing T-beams  re- 


error with the aid of charts, or the use of 
There is a risk that 
these procedures may cause the designer to 


complicated formulas 


lose sight of the physical aspects of design 
The simple method of obtaining the minimum 
depth described here emphasizes the physical 
consequences of each step. It can be extended 


to the design of all T-beams, for if the depth 


#95 


is greater than the minimum required is 


necessary to determine only the lever arm 


and the area of steel 


Materials 


Refractory concrete for refinery vessel linings 


1. WyGant and W.L 
Society Bulletin, Aug 


BULKLE) 
1954, pp. 244-25 
AcrHons’ SUMMARY 


Imerican Ceram 


Refractory concretes are usually composed 
of aluminous hydraulic eement and calemed 
Those which are intended 


clay aggregates 


especially for use at below 


1500 are 
refinery 


temperatures 


useful as lining materials in 


vessels and transfer lines, to resist 


erosion, abrasion, and certain types ol 


lightweight 
shell 


these 


chemical attack, ane (with 


aggregates) to reduce metal tempera- 


tures The best coneretes for refinery 
Uses develop high strength within three days 
are fairly volume stable and highly resistant 
relatively 


These 


to thermal shock, and maintain 


high strengths at service temperatures 


and other properties, such as erosion 


abrasion resistance, depend upon the type 
and particle size gradation of the aggregate 
the proportions of cement and agg 


yeregate, and 


the installation methods. Proper installation 


Is extremely important \ttention must be 


given to regulation of water content, good 


mechanical procedure ih application (oar 


ticularly in pneumatic application), pre 


vention of segregation, and the best possible 


curing conditions The conerete designer 


must consider limitations on section thickness 
must siitable 


and provide 


Basic data for the 


design of reinforcement 
for concrete to be used at elevated te mper 
ature are seanty Design criteria for struc 
tural conerete cannot be extrapolated safel 


Also 


coneretes 


for high temperature applications 


application methods for refractory 
usually differ from those used with structural 


concrete 


Effect of grading and shape on bulk density 
of concrete aggregates 
No. 14, Dee. 1954 


Moncniert Magazine 


Laboratory tests have shown that variation 
of grading within the limits permitted by 
the British Standard 882:19044 for 


aggregates results in differences of as much 


concrete 


as 12 Ib per cu ft in the compacted bulk 
density of coarse aggregates, and 13 Ib per 
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eu ftin Class A and 31 Ib per cu ft in Class B 
fine aggregates. It was also found that the 
bulk different gradings of a 
rounded aggregate were between 5 and 10 
percent higher than those of the correspond- 


densities of 


ing gradings of an angular aggregate with 
the same specific gravity. 

It is that errors in the 
portioning of concrete designed by 
batched by 
constant value of bulk density were assumed 
for an aggregate complying with the British 
Standard, and that it is necessary in practice 


concluded pro- 


weight 
and arise if a 


volume might 


to measure the bulk density rather than to 
estimate it from available data. 


Is blast furnace cement subject to false set? 
How to prevent it. (Le ciment de haut 
fourneau est il sujet a fausse prise? Comment 
la prevenir) 
Leon and Ivan 
Materiaux de Conatruction 
July-Aug. 1954, pp. 215-222 
Reviewed by 


Revue dea 
466-467, 


BLONDIAt 
(Paris), No. 


L. 


Report on a series of tests on false set of 
Difficulties were 


false set. Its 


blast furnace slag cement. 
encountered in evaluating 


relation to the condition of the gypsum 


critical because calcium sulfate is 
dehydrated to oa 
grinding. Blast 


unstable setting when containing gypsum in 


appears 
during 
furnace slag cements have 


certain extent 


the semi-hydrated state 


Deleterious constituents of Indiana gravels 
F. Leaa 
Board, $0.30 


Lewis and kouanps Venrers, (discussion by 


Jn.) Bulletin No. G4, Highway Research 


Reports results of tests on Indiana gravels 
ranging from good to poor in field performance 
in portland cement conerete. CGravels were 
separated by liquid flotation into various 
specific gravity ranges. Gravel fractions thus 
obtained were tested to determine absorption, 
specific gravity, degree of saturation, litho- 
logic composition, and durability air- 
entrained concrete subjected to freezing and 
thawing 

Results 


constituents of 


show that principal deleterious 
Indiana 


stones and cherts. They 


gravels are sand 
are characterized by 
low specifie gravity, high absorption and 
degree of saturation, and produce nondurable 
concrete when used as the coarse aggregate. 
Conerete durability 


ean be improved by 


heavy-media separation of the aggregate. 
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Greater durability is obtained as the specific 


gravity at which separation is made is 
increased, 

Bulletin also contains a discussion by F. kb. 
Legg, Jr., Michigan 
State Highway Department Testing Labora- 


tory. Discussion describes results to be ob- 


assistant supervisor, 


tained by the heavy-media separation method 
applied to gravels from principal sources in 
Michigan to enable them to meet Michigan 
State Highway Department, specifications. 


An x-ray examination of the structure of 
vermiculites 
4. Grnoupemo, Handlingar (Proceedings) No. 22, 
Swedish Cement and Concrete Research Institute at 
the Royal Institute of Technology, Stockholm, 1954, 
56 pp. 
AUTHOR'S SUMMARY 
A short account is given of the relation- 
ships between the structure of the hydrous 
and the 
structures of other silicate hydrates such as 


magnesium silicate vermiculite 


certain cement hydration compounds. A 
short review of previous data on the structure 
given. Three different 


specimens of vermiculite minerals are selected 


of vermiculite is 


for study. Various properties and quanti- 


tative data of these minerals are presented, 


such as chemical composition, cation ex- 


change capacities, optical properties — in 


combination with Laue symmetry, and values 
of density and linear 
efficient 


lattice symmetry relationships are discussed. 


x-ray absorption co- 


The unit cells are determined and 


The techniques applied in x-ray intensity 
measurements are described and analytical 
expressions Of absorption correction factors 
necessary in structure factor calculations are 
given. The atomic distribution in different 
crystals is studied by means of superposition 
Patterson and Fourier syntheses, the most 
probable structures being sought by mini- 
mizing the discrepancies between observed 
and calculated structure factors. 


A warming regarding air entraining agents 
(En varning vid tillsattning av lufttillforande 
medel) 


P. Nycanpenr, Betonyg (Stockholm), V 
pp. 247-250 


38, No. 4, 1953, 
AUTHOR'S SUMMARY 


In the manufacture of air-entrained con- 
crete it appears that the reduction in strength 
which may be caused by an increase in air 
content is not always taken into consider- 
The relation between 


ation, compressive 
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strength and air and 
illustrated by experimental data. Emphasis 


is laid 


content is discussed 


upon the importance of continual 


control of the air content. 


Field substitution of Aly ash for a portion of 
cement in air-entrained concrete 
Guy H. 


Lakson, Proceedings 
Board, V. 


34, 1954, pp. 258-264 
AvuTnor's SUMMARY 


Highway Research 


field 
effects of substituting fly ash for a portion 


of the 


concrete. 


investigation was made of the 


cement air-entrained 
Requirements for the 
standard in all 


pavement 

concrete 
that 
they called for using 20 Ib of fly ash with 
each 75 Ib of cement and air content of 2.5 


were respects except 


to 6 percent 
Test placed with the 
standard paving mixture using a 


sections were 
nominal 
5.4 sacks of air-entraining cement per cubic 
yard, the mixture with the fly ash substi- 
tution, latter mixture with 
added to 
content to nearly that of the standard. Tests 
included 
field 


strength 


and the alr- 


entraining agent restore the air 


strength and durability tests on 


mixed and 
taken from the 
pavement when it was 30 months old 

The that 
ash for about 20 percent of the cement in- 


and laboratory concrete, 


tests on cores 


results showed substituting fly 
creased the strength of the concrete at ages 
beyond 28 days but reduced the air content 
and the resistance to freezing and thawing 
content of the fly ash 
concrete reduced the strength but restored 


Restoring the air 


the resistance to freezing and thawing to a 
large extent. 

Strength tests on the cores showed that in 
both the with the 
fly ash substitution and reduced air content 
and the fly ash 


the pavement concrete 


concrete with air content 
restored were substantially stronger than the 


standard concrete 


Pressure prehydration increases strength of 
hydraulic cement mortar specimens 


Tuomas H. Jr 


Engineering, V. 23 
No. 4, Sept. 1953, pp. 57-58 


Strength of hydraulic cement products 


depends to a great extent on the degree of 
hydration of the cement. The more intimate 


the combination of water and cement, the 
greater the strength of the resulting product 


The author conceived the idea of obtaining 


a more intimate combination by employing 
pressure to force water into the partie les of 
cement. Three limited series of 


made to test the validity of the iden 


tests were 

Average 
strength of the treated specimens was found 
to be than that of 


greater untreated 


specimens 


Pavements 


Structural design of concrete roads 
} N. Sparkes, Magazine of 
(London), V. 6, No, 17, 


Concrete Research 
Sept. 1954, pp. 61-70 
Reviews present knowledge of the thick 
hess, length, and width of concrete pavement 
slabs, use of reinforcement, and the functions 


and design of joints 


Testing for construction and evaluation of 
airport pavements 

Ciirrorp J. CHUNN and Frank M 
ASC Separate No 
$0.50 


Proceedings 
$18, V. 80, Mar. 1954, 22 pp., 


Describes investigational methods and 


procedures employed by the U.S. Army Corps 
of Engineers in connection with the design, 
and evaluation — of 


construction, airport 


pavements, 


Edwards Air Base taxiways 


Pacific Road Builder and Engines 


ing Reecvew, Ape 
1954, p. 14 


ARBA Teeuntecat 


INFORMATION Digest 


May 1054 
Air 
SOO 15,000-1t 


connecting taxiway 


Concrete construction at 


Force Base consists of a 


runway, an enst and 


warm-up apron, and about 40 acres of parking 
apron. The concrete runway will be 17 in 
thick except at each end where the thickness 
will be 


increased to 19 in. to accept the 


heavier loads caused by standing and slow 


moving craft. The runway is being placed 


in 25-ft lanes There are no expansion 
joints, and contraction joints are cut at 2h-f1 
16-blade 


joints are 


intervals to a 3 in. depth with a 


The 


resistant 


diamond set 
filled 


compound 


concrete saw 


then with a jet fuel mastic 


Precast concrete 


New systems of prefabrication of industrial hall 
structures 


A. Mason, Acta Technica cadem ine che 
Hungaricae (Budapest), No. 1-2, 4 1-24 


fiarum 
AuTHoRn's SUMMAKY 

Main principles of the Major system of 
prefabrication were published [industrial 


Hall Systems, Design and Construction, VO50 
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Further details appeared in Steel and lein- 
forced Conerete 1952, and in 
“Prefabrication in the Hungarian Practice,” 
Publications of the 


Science 8, 


Construction, 


Hungarian Academy of 
. 6, No, 1-2, 1952. The present 
paper, summarizing new developments, deals 
with a partial prefabrication system combined 
with traveling scaffolding and with total pre- 
fabrication. According to this system, frames 
cast vertically with regard to their final posi- 
tion are lifted on transport towers by winches 
and carried to their scheduled place. The re- 
quirements for forming and seaffolding mate- 
rial are small and, in winter, the concreting 
site can be easily roofed.  Prefabrication 
and construction of foundations for building 
and machines can be carried out at the same 
time. No special concreted site for prefabrica- 
tion is industrial 
structures is possible in half the time and 
10-12 percent of the total cost can be saved. 


needed, Prefabrication of 


The system, developed also for post-tensioned 
concrete structures, avoids the use of expen- 
sive lifting machinery and shows in principle 
a new stage of development in prefabrication 
compared with conventional systems. 


Prestressed concrete 

Precast and prestressed members form skeleton 
of multistory office building 
Engineering, V. 24, No. 1 
Jan, 1054, pp. 54-55 

Construction of three-story office building 
was facilitated by use of precast and pre- 
stressed concrete columns and beams. Build- 
ing is 60 x 365 ft 


Principles and practical applications of par- 
tially prestressed concrete 


Anetes, The Reinforced Concrete Review (Lon- 
, 3, No. 1954, pp. 249-301 (ineluding dis- 


Reviewed by R. Lorman 


Presents essential features of fully-pre- 
stressed and partially-prestressed concrete; ex- 
plains more fully bridge, roof, mast, composite 
slab, road, and indeterminate structures com- 
prised of partially-prestressed concrete; and 
includes an appendix of basie design formulas 
supplemented by two design-computation 
examples of 40- and S0-ft span roof beams. 
Main theme is to obtain more resilience in the 
structure by increasing the allowance for 
permissible cracking. Although partial pre- 
stressing permits visible crack formation such 
cracking does not develop necessarily under 


working loads. Cracks developed by temporary 
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high loading are harmless provided they close 
under normal loading and provided repetitive 
high loads are not extreme. Application of 
this reduced prestressing 
forces and results further in certain technical 
advantages when post-tensioning; the high- 
strength steel used is the same type as that 
employed 


design leads to 


normally with fully-prestressed 


systems but greater tensile stresses in the 
concrete occur under working loads. Bibli- 
ography consists of 21 references. 

Discussion, by nine authorities, includes 
definition of the term “partial prestressing,”’ 
tendency of debris-filled pavement cracks to 
contribute to higher compressive stresses, 
economics of partial prestressing, concrete 
tensile stresses as high as 900 psi, waterfront- 
structure fenders that incorporate this type 
of prestressing and are subjected to sea water, 
and fatigue tests of concrete slabs fabricated 
with high - sulfate - resistant 
cement, 


metallurgical 


Friction and jack losses in prestressed concrete 
(Friktions- och domkraftsforluster vid forspand 
betong) 


Berorecr, Betong 


Stockholm), V. 39, No. 1, 
pp. 53-65 


1954, 
Reviewed by Hoonestap 

Results of tests made at Gothenburg are 
reported concerning simple-span girder 
bridge prestressed by the Freyssinet system. 
The may be 
obtained by determining the force transmitted 


from one end of a cable to the other, or by 


friction loss at cable bends 


measuring stress and elongation at one end 
only. Test results indicate a friction coefficient 
of about 0.5. For straight cables the loss was 
about 35 Ib force per linear ft. Loss in the 
hydraulic jacks was about 10 percent. 


Development of prestressed hollow pile 


British Constructional Engineer (London), V. 4, No. 4 
Mar. 1954, pp. 44, 46 


A newly developed prestressed concrete 
hollow pile has a 12-in. 
throughout its length. 


cavity 
Constructed of 5 ft 
long, 16 x 16-in. sections, the piles are 50 
Reviews,” ACT 

1954, p. 392; 


diameter 


(See also “Current 
JourRNAL, Proce. V. 51, Dee 
Feb. 1955, p. 585). 


ft long. 


Prestressed concrete construction methods 
ANTILL, Commonwealth Engineer (Melbourne) 
5-H; Dee. 1953, pp. 181-186; Jan. 1954 


A basic discussion of prestressed concrete 


construction, in two parts. Part deals 


CURRENT 


with production of high strength concrete, 
classifying them into five strength groups; 
steam curing; and types of prestressed con- 
These (1) precast 
complete, (2) precast in sections, (3) cast in 
place, and (4) composite 

Part 2 
formwork, 


struction. types are 


discusses prestressing systems, 


prestressing and 


follows up with erection examples of actual 


techniques, 


construction projects 


Composite partially-prestressed concrete slabs. 
Strength under repeated and static loading 


P. W. ABELEs, London), V. 178, 
1628, Oct. 8, 1954, pp 


Engineering 
464-408 
Reviewed by Anon I 


No 


Minsky 

After outlining differences between brittle 
and ductile materials, and reasons for pre- 
ferring ductile yet resilient behavior, author 
reports results of static and fatigue tests in 
detail. be briefly 
summed up in the statement that the slabs 
acted as expected 


His nine conclusions may 


Prestressed concrete 


W. J. Jurxovien, Proceedings, Sixth 
Street and Highway Conference, The 
Transportation and Traffic Engineering, 
of California, 1954, pp. 99-103 


California 
Institute of 
University 


A general discussion of the increasing use 
of prestressed concrete In 
Several 


highway work 
cited 


typical cross sections are illustrated. 


advantages are and some 


New double-loop anchorage of endlessl 
placed pprestressing wires (Neve Doppel- 
schlaufverankerung von  endlos_ verlegten 
Spanndraehten) 


Rupote Hemuien and 
Bauzeitung (Stuttgart V. 59, No. 8 
pp. 280, 302 


Die 
1054 


Bauer 
Aug 


Reviewed by Arnon L. Minsky 

Brief description of new method of anchor- 
ing wires by shaping them into two loops or 
which 


Prestressing is 


curls are embedded in concrete 


applied by jacks inserted 


between this “head” and the beam proper 
Advantage claimed is ability to absorb the 
ever-increasing prestressing forces consequent 
upon increasing spans and loads and decreas- 


ing number of girders per bridge 


Design and construction of a prestressed con- 
crete framed transit shed for the Port of London 
Authority 

Nanum N. B. and Ivan &. 
Proceedings, Inatitution of Civil Engineers 
Part III, V. 4, No. 2, Aug. 1954, pp 


ing discussion) 


ES 
London) 
100-448 (Ginelud 


Re Anon L 
the 


steel, led to selection of prestressed concrete 


viewed by M itsky 


Various factors, especially saving in 
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portal-type frames on conventional rein- 


forced concrete aluminum alloy 
roofing and siding, for this twin shed, which 
is 257 x 75 ft in plan in one bay and 185 x 75 
ft in the other 

A briet 
previously 
(“Port of London 
Works, 1952,” 
Civil Engineers, Oct. 1953, 
“Current Reviews,” ACI 
1954, Proe. V. 50, p. 813) 


floor, with 


this 
Cieorge A 
Authority 


Proceedings, 


of shed was 
Wilson 
engineering 
Institution of 
pp. 551-604; 
JourNAL, May 


deseript 


given by 


Preliminary investigation of the use of fiber- 
glass for prestressed concrete 


Ivan A. and ANoaew Runineky 


V agazine of Concrete 
Reasearch (London), V. 6, No. 17 


Sept. 1954, pp. 71-78 
SUMMARY 


the 


glass reinforcement for prestressed conerete, 


Discusses feasibility of fiber- 


using 


summarizing the physical properties of fiber- 


glass and some experimental work. It also 


gives practical suggestions for future research 
concludes with a between 


and COmMparison 


fiber-glass and conventional steel reinforce- 
ment 


One example of prestressing—construction of 
floors in a large Paris department store (in 
French) 

Srernane and P. Lamnenr, Supplement to 
the Annales de UInatitut Technique du Batiment et dea 
Travaur Publics (Paris), No Mar.-Apr. 1054 

Series: Prestressed concrete (No 16 pp 


Two halls serving as light shafts in a large 
department store were converted to usable 
floor space six floors at the level of existing 
floors. The columns, girders, and floor slabs 
were prefabricated in elements whose weight 
did 3527 |b They 


assembled in place inside the store by pre- 


not exceed were then 
stressing methods. ‘The floor units supported 
the double-ribbed 


the basement columns and foundations 


by girders slabs 
Only 


were erected in place by traditional methods 


were 


Properties of concrete 
Heat of hydration in concrete 


London), V. 6, No. 17 


Rasraur Magazine of Conerete Hesearch 


Sept. 1954, pp. 70-02 
AUTHOR SUMMARY 


Traces the development of a funetion 


between time and temperature, which makes 
if possible to refer the process of hardening 
of concrete at varying temperature to harden- 


ing at constant temperature. Lt is further 


shown that it is possible to predetermine the 


temperature of concrete during hardening 


830 


when properties of concrete, sizes and shape 
of the 


temperature 


specimen, insulation, and external 


are known. The time temper- 
ature function can also be applied to the 
The validity of 
is demonstrated by the 


development of strength 
the theory results 
of teste upon 27 American and three Danish 


cements 


Tubular growths on the surface of concrete. A 
study of porosity in deposited granular beds 


J. Kotneuszewent, Engineering (London), V. 178, No. 


4641, Oct. 29, 1954, pp. 558-559 

Reviewed by Anon L. Minsky 
fresh 
concrete surfaces of pile-cap foundation at 
Marchwood May 1953. 
Phenomenon proved to be similar to that 


of sands 


Tubular growths were found on 


power station in 
previously studied by author in case 


in suspension: when a loose wet material 
settles to such an extent that a few inches of 
water can be found standing on the surface, 
the water in the mix, in moving upward, not 
only forms vertical channels which remain 
in the set concrete, but carries with it particles 
of the settling suspension which form volceano- 
like craters which are later built up to the 
surface of the free-standing water by products 
of the chemical reactions in the concrete. 
No recommendation as to a possible cure is 


made by author, but one should be obvious. 


tests on concrete prismatic 


specimens (Provning av vattentathet hos betong 
med prismaformade provkroppar) 


P. Nycanpen, Betong (Stockholm), V. 38, No 
pp. 251-260 


4, 1955, 

SUMMARY 
Swedish conerete standards for concrete 
permeability tests specify specimens consist- 
ing of solid cylinders or cylinders with brick 
cores. Both methods have their shortcomings 
and neither is convenient. The Government 
Testing Institute has examined other methods 
for determining the permeability of conerete 
and has resolved upon specimens consisting 
of solid prisms, measuring 25 x 25 x 12.5 em, 
which are subjected to a water pressure of 
S kg per sq em. The water pressure is applied 
to the face of the specimen which was at the 
bottom during casting. The area upon which 
the pressure acts is limited by a rubber sealing 
ring The 
concrete is considered impermeable if no part 


with a I7-em internal diameter. 
of the upper face becomes moist after a test 
period of 24 hi 

Iixperimental results show that prismatic 


specimens give considerably less dispersion in 
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permeability for a given type of concrete than 
do other types of specimens. The suitability 
of the prism as a specimen for compressive 
strength testing has also been investigated, 
Cubes 20 em on a side of the same concrete 
showed 16 percent higher strength than the 
prisms. The dispersion in strength was about 
the same for cubes and prisms. 

Permeability tests on prisms have proved 
more suitable, in various respects, than tests 
on standardized specimens, 


General 


National fire codes. V. 3—Building con- 
struction and equipment 


National Fire Protection Assn. 
640 pp., $6 


Boston, Mass., 1954 
A compilation of latest editions of 33 fire 
safety standards in the field of building con- 
struction and equipment, covering such 
items as protection of openings in walls and 
building 


chimneys, industrial buildings, houses, con- 


partitions, garages, exits, roofs, 
struction operations in buildings, bridges and 
tunnels, fire tests, and others. The standards 
are not building codes, and are not intended 
for such use, although much of the material 
will be found useful in connection with the 
drafting and application of building codes 


and specifications. 


Concrete products industry in Sweden (Betong- 
varuindustrin i Sverige) 


H. Ronronrs, Betong (Stockholm), V. 38, No. 4, 
pp. 269-274 


1953, 

Reviewed by Eivinp Hoongestap 
The Swedish concrete products industry 
ISSO. Decorative cast stone 
products dominated the first 20 years, late 


was founded in 


concrete pipe became the most important 
product, Extensive rationalization was started 
about 1940, and quality of the product has 
been improved. Engineering staffs of factories 
are being increased as a result of the use of 
expensive new equipment, and development 
of new products such as transmission poles, 


railroad ties, and large structural units. 


Modern portland cement production 


Q. Hour, Peren Hass, and 
Industrial and Engineering Chemistry, V. 46, No. 5 
May 1954, pp. 840-842 


Brief history of portland cement produc- 


tion and uses. Definitions of 


port land 


cement are discussed Manufacture — of 
portland cement in a wet-process plant. is 


described 


CURRENT REVIEWS 


Conference on Swedish concrete research in 


progress (Konferens om pagaende svensk be- 
tongforskning) 


Betong (Stockholm), V. 38, No. 4, 1953, pp. 205-246 
Reviewed by Hoonestap 
held at 


discuss 


A conference was Stockholm in 
1953, to and correlate 
research work at various Swedish laboratories 


and institutions. Brief 


November, 


reports on research 


projects in progress were followed by dis- 
cussion. Nine groups of projects were reported: 


1. Properties of hardened concrete —Theories 
of failure for conerete; influence of time and 
temperature on compressive strength; statisti- 
eal variations of strengths of conerete and 
cement; test methods on permeability, com- 
pressive 


strength, modulus — of 


elasticity, and frost resistance; strength and 


shrinkage, 


permeability of vibrated plain concrete pipe; 
uneven shrinkage resulting from segregation; 
properties of frozen concrete; heat conductiv- 
ity in connection with radiant heating; resi- 
dual stresses; comparison of lossier cement 
and portland cement in mortars; expansion 
force of lossier coment concrete. 

2. Static and dynamic behavior of concrete 
structures Characteristic functions of 
plates; effects of 


impact oon 


rec- 


tangular explosions and 


concrete structures; dynamic 
bridge tests; model tests of flat slab floor; 
compression failures continuous beams; 
temperature stresses in indeterminate struc- 
tures, 

3. Prestre experimental 


comparison of beams reinforced with HJS 70 


proble mts 


wires and beams reinforced by Freyssinet’s 
system; studies of pre-tensioned prestressed 
concrete, 

1. Control 
control of water content in concrete; strength 


control of 


problems Control of cement; 


pavement conerete; control of 


precast concrete quality 
5. Admirtures in concrete Influence on 
cement paste Of surface active admixtures; 
admixtures in ‘concrete; effect of air content 
on concrete strength 
Reinforcement 


proble Wis Standardiza- 


tion and testing of reinforcing steel; stress 


measurements on study of 


bond and anchorage; effects of direction of 


reinforcement; 


reinforcement with respect principal 


stresses in plates 
7 New 
heat conductivitv; heat flow 


method for 


test 
measurements; 


frost resistance of cellular concrete; effects of 


831 
size and shape of specimen on compressive 
strength; exterior walls of cellular concrete 

8. Concrete Thin reinforced 
pavements; damage to the Air Force's pave- 


pavements 


ments; concrete for pavements; scaling of 
highway pavements; experiences with con- 
crete highways. 

9. Other problems Coarse aggregate con- 
tent in trial mixes; determination of bleeding 
in concrete; suitability of various concrete 
aggregates; use of plastics for waterproofing 
mortars and conecretes; uses of cement) in 
mortars and plaster; placing concrete in long 
steel pipe piles; joints in concrete water tanks; 
wood-chip concrete; moisture foundation 


flow by 


cellular concrete. 


walls; water capillary suction in 
The conference terminated with a discussion 


of gaps in Swedish concrete research 


Effect of curing temperature on the compressive 
strength of soil-cement mixtures 


K. bk. Crane and A. Geolechnique 
(London), V. 4, No. 4, Sept. 1954, pp. 07-107 
Reviewed by Anon L. Mineany 
Five soils (a clay, a silty clay, two sands, 
a gravel) were studied. Compressive strength 
was found to increase with curing tempera 
ture; results indicate one mechanism of 
hardening is involved for cohesive soils up to 
145 ©, 
hardening appears to be involved for 
at 60 and 100 © 


methods, especially the moisture-proof coat 


mechanism of 
the 


Laboratory 


while more than one 


silty clay 


ings used to prevent loss of moisture churning 
curing, are discussed 
Protection of ¢ 


erosion 


J. Duevivirn 
4627 
pp. 428441 


tal lands against flooding and 


London V. 178 No 


Sept. 24, 1954, pp 


Reviewed by Anon L. Mitesny 


Descriptions of various types of sea delenses 
in England, bearing out author's point that 


coast protection ts less of exact scence 


than any other branch of civil engineering, 


due to the large number of variables involved, 
and that no other branch of engineering 
depends to such an extent on the expertener 
and instinet of the designer 

Abridged version of paper presented before 
\sen 


ford, 


Section G (engineering) of the British 
for the 
Sept 


Advancement of Serence, 
1054 
pauper 
the Ovt 


A summary of the discussion 


of this at the meeting is printed on 


p. 425 of issue of Kngineering 
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Exploration principles for major engineering 
works 
W. R. Juvp, Proceedings, ASCE, Separate No. 550, 
V. 80, Novy. 1954, 30 pp., $0.50 
AvTHor's SUMMARY 
Presents guiding principles for the formu- 
lation of exploration programs for various 
engineering The power plant 
section discusses various design factors which 
affect: the development of geologic investi- 
gations for this type of structure. Similarly, 
basic principles for developing exploration 


structures. 


programs for canals, water tunnels, and earth 
and Power 
plant exploration is discussed in somewhat 


concrete dams are discussed. 


more detail than any of the other structures. 


Soniscope applied to maintenance of concrete 
structures 
M. Breunine and A. J. Bone, Proceedings, 
Highway Research Board, V. 33, 1954, pp. 210-216 
AuTuors’ SUMMARY 
Testing techniques for various types of 


structures are discussed. Tests on pre- 
failure 
show 4 close correlation of Soniscope readings 
The influence 
of reinforcing steel is shown by tests on a 


The 


deterioration in 


stressed concrete beams loaded to 


with the behavior of the beam. 
detection of 


reinforced bridge pier. 


cracks and concrete are 
bridge 
A graphical presentation of Soni- 


scope results on a bridge pier is then dis- 


demonstrated by tests of several 


members, 
cussed. The results of these tests indicate 
that the Soniscope can be a valuable supple- 
ment to visual inspection. 


Recent civil engineering works in Japan (in 
Japanese and English) 
Japan Society of Civil Engineers, Tokyo, 1954, 252 pp. 
Presents a pictorial record of the achieve- 
ments and progress of the civil engineering 
profession in Japan. All photographs are ex- 
cellent and many of the subjects are most 
impressive from an engineering point of view. 
A few of the major categories of structures 
shown are: soil conservation; power dams; 
water storage dams; shore protection struc- 
tures; sanitary engineering structures; recon- 
struction of bomb damaged buildings; con- 
crete highways; bridges of all sorts; other 
transportation forms including subways and 
an overhead monorail; modern heavy equip- 
ment in use in Japan, both native manufac- 
tured and imported; and a 
section on model research. The application 


considerable 
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of precast concrete elements in particular is 
outstanding in the soil conservation and shore 
protection categories of structures including 
precast piles, tripods, 
articulated levee blanket covers, and blocks 
of various shapes. The book will be valuable 


jetties, revetments, 


to the civil engineer interested in an over-all 
view of professional progress. It is a unique 
summary showing examples of achievement 
in almost every phase of civil engineering 
An American will be impressed by the close 
parallel to our own advances. 

Striking examples selected at random are 
an elevated concrete water tank that looks 
like a temple; reinforced concrete buildings 
standing alone in demolished cities (1946) and 
in the middle of clean, modern cities (1954); 
bridges as American 
highways of all-welded plate girders, com- 


familiar as those on 
posite deck, and prestressed concrete beams; 
the heavy equipment at work, including all 
familiar U.S. brands among Japanese makes; 
and even an artificial earthquake generator 
in the This book 
definitely belongs in all engineering school 


model research section. 
libraries and will be an asset to many a private 


library. 


Handyman's concrete and masonry guide 
Rosert Scuarrr, Arco Publishing Co., New York, 
N. Y., 1954, 144 pp., $2 

Written for the layman, elementary in- 
structions are given on mix proportioning, 
placing and handling of concrete, and brick 
and concrete masonry construction. —Proj- 
ects covered include sidewalks, driveways, 
porches and steps, terraces, retaining walls, 
septic tanks, swimming pool, concrete block 
garage, and miscellaneous concrete projects. 
Repairs and maintenance for walls, floors, 
and basements are also covered. 


Reinforced concrete and prestressed concrete 
structures (Strutture de calcestruzzo armato e di 
calcestruzzo precompresso) 
Riccarpo Morano, Libreria Dedalo Editric, Rome, 
Italy, 1954, 141 pp., 4600 lire 
or Concrete Reseancu 
Sept. 1954 
A record of the outstanding structures 
designed by Dr. Morandi. The book con- 
sists of a series of photographs, accompanied 
by drawings, and by text in Italian and 
English describing the buildings and bridges 
and the problems of design they raised and 
how these were solved. 


